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‘Light thinks it travels faster than
anything, but it is wrong. No matter
how fast light travels, it finds the
darkness has always got there first,
and is waiting for it’

— Terry Pratchett, Reaper Man
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Preface

Preface

This chapter sets the scene for the research

The basis for this research initially stemmed from my curiosity to have a
better understanding of industrialized house-building (IHB), and of why
its uptake has been so slow in my home country of Finland. As the
construction industry moves into a new era of building houses, there will
be a great need to further the understanding of how IHB can be utilized
to develop a company’s business. Why should there be an interest in
industrialized house-building? How can a construction company exploit
IHB as a technology to gain a competitive advantage? How has a
construction company evolved into a successful IHB company? It is my
passion not only to find out but also to describe the key constructs a
successful IHB company has, and how IHB technology can be
transferred.

In truth, my background and the years I worked as a manager in different
positions in a big international company have influenced the whole
research project. Before the start of this research journey, I witnessed a
good deal of industrialization of construction in Finland, undertaken
with the intention of increasing companies’ performance. However,
despite all the attempts to implement IHB, there was little success. I saw
that companies had a strong narcissistic view as their strategy and
decisions were made based on internal assumptions, neglecting external
factors. For example, they did not take into account noise restrictions on
one construction site, due to an airport nearby. Therefore, windows and
doors had to be changed to meet the building code. It made me realize
that internal and external managerial decisions are inextricably linked
when dealing with changing contextual factors. Therefore, it can be said
that there is ‘no one best way’ or approach to management or, indeed,
running a business and that different situations call for different
approaches to handling, managing, and solving the issues arising. Thus,
the same phenomenon can be described, interpreted, and understood in
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different ways, depending on things such as experience, individual
standpoint, and time.

Research journey

As the purpose and nature of this research is to further our
understanding of IHB, my research approach to the topic is highly
subjective. This can be seen throughout my research journey, in how I
formulated the research questions, how I gathered data, and how that
data were interpreted. I have approached the research object
subjectively, based on my understanding and experience.
Understanding the thoughts, impressions, feelings, and knowledge is a
resource, not an obstacle, to interpreting and understanding the research
object. As a result, subjectivity puts stress on the transparency of the
research, making it critically important to scrutinize the data and present
the study in detail to reveal any hidden agenda. With this in mind, I have
relied on the work of Lincoln and Guba (1985) to demonstrate rigor with
my research.

AsI try to see the whole of the research problem. Therefore, as Carl Sagan
once famously put it, “You have to know the past to understand the present,
making understanding past events one key puzzle in a very complex
problem. For that reason, concepts such as “path dependency’ became of
importance in the understanding of the studied phenomenon.

My research journey began in 2015 when I became a member of the
Industrialized and Sustainable Construction research group at Lulea
University of Technology. The initial question I had when starting this
research journey was the same as that asked by economic and business
gurus such as Schumpeter, Penrose, and Chandler: why are some
companies more successful than others? This question was the catalyst
for my research as, during my years working as a manager in the
construction industry, I could not understand why some proven
methods (‘best practice’) used by other companies did not work for the
company I worked in. When that company decided to enter an entirely
new market by starting production of modular buildings, I began to
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question this decision, as working at a construction company had shown
me the challenges companies could face when operating in this market,
and the struggles associated with implementing processes from a
manufacturing context. This is how my curiosity grew. I wanted to find
an explanation as to why this movement to a new market failed.

Evolution of IHB through the research group

What has had an influence on my research is the research group, and by
telling their journey and evolution, readers of this thesis might have a
better understanding as to why this research took a strategic-based path
instead of, let’s say, a more marketing-based or economic-based one.

‘And it was called in 1998 ‘industriellt byggande’ so we actually, you know,
invented the word in 1998’ (Professor, industrialized house-building).

In early 1990, Sweden invested heavily in R&D to strengthen the
woodworking industry. This was not only because of Sweden entering
the European Union and the devaluation of the Swedish currency, but
also because Sweden adopted the Euro building codes and that allowed
opportunities to build houses taller than two stories. The question then
was how could Sweden be competitive in that market? At that time,
several technically-oriented research and experimental projects were
undertaken in Europe, primarily in Austria, Switzerland, and Germany
(Johansson et al., 2000)

The R&D investments made it possible to increase research in
industrialized house-building, thus the Timber Structure Division
(currently known as the Division of Industrialized and Sustainable
Construction) was established. At the beginning, the research was all
about wood and timber as a new framing material. Gradually, the
technical issues with timber were solved (i.e. how it burns, acoustic
properties), and the properties of wood were gradually understood.
Therefore, research shifted from focusing on material science to finding
solutions to the structural challenges faced when building multi-story
buildings with wooden frames (Olsson, 2001; Johnsson, 2004). At the
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same time, research was needed into how to create a profitable business
out of IHB (i.e. with timber as a new material and new construction
methods). The close collaboration with the industry and some key
collaboration partners made it possible to further our understanding of
IHB. Therefore, the research group had the opportunity to gain
knowledge of IHB, and the industry gained new insight through
university-based R&D. This close collaboration at the beginning of 2000
resulted in significant progress in the understanding of IHB from an
operational perspective. The research at that time focused on how IHB
companies manage customization, change, and information (Bergstrom,
2004). The focus was also on material utilization and a systematic
approach to the development of new structures (Falk, 2005). However,
with a growing interest in learning (Sardén, 2005), in the exploration of
lean in IHB (Bjornfot, 2006; Ho6k, 2008) and in prefabrication strategies
(Nord, 2008), the research focus was heavily descriptive. This research
built the foundations of understanding modern IHB.

During the late 2000s, multi-story buildings started to be built taller, yet
again putting more focus on solving technical problems through
innovation (Lukaszewska, 2009), and resolving horizontal load stability
issues (Tlustochowicz, 2011).

In the early 2010s, Meiling (2010) combined early research from the
division into learning and knowledge, continuous improvement
(through a lean production lens), and overall improvement strategies.
The view that continuous improvement can lead construction companies
to evolve into learning organizations opened up a new direction in IHB
research. Gradually, the focus shifted from pure production to an
organizational and supply chain perspective. Discussions around
innovation started to surface when Engstrém (2012) focused her research
on the client’s perceptions and responses to further the understanding of
IHB from an organizational perspective. Organizations were also the
scope of research when Hedgren (2013) improved understanding of IHB
by examining how construction client’s behavior affects their ability to
adopt innovations.
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In parallel with the research from an organizational perspective, supply
chain management research started to gain ground (Lennartsson, 2012;
Erikshammar, 2014). With the increasing interest in IHB, some
companies have had positive experiences over the last decade, during
which they have grown substantially, putting more stress on the control
of their supply chain. This puts the focus on the strategic choice to
integrate suppliers to deliver customer value and sustain competitive
advantage.

During this time, IHB companies began to refer to their operations as a
platform. Originating from industries based on a make-to-order supply
chain strategy, a platform is used to increase efficiency in design and
product development work. As both design and product development
are crucial for the long-term survival of an IHB company, research in the
division has also focused on how companies work with platforms
(Jansson, 2013; Haller, 2014).

With the increasing numbers of stories, the issues around ensuring
horizontal stability were still present. As the weight of the wooden
structures themselves causes instability, the work started to understand
high-rise wooden buildings in the late 2000s continued through the
2010s, focusing on evaluating different mechanical fasteners (Caprolu,
2014; Jacquier, 2015) and stability (Atashipour, 2016; Edskar, 2019).

The research group has also widened the IHB knowledge base by
carrying out research that focuses on the relationships between
organizations, especially between IHB companies and local planning
authorities (Viking, 2017).

Previous research carried out by the group shows that the group has
gained wide-ranging experience dealing with various aspects of IHB,
such as technical solutions, production, organization, supply chains, and
public relations. Over the years, the research focus has shifted back and
forth between carrying out strictly problem-solving experimental
research, with a positivistic stance, to a more descriptive management
research, colored by an interpretive stance. All this research has helped
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to increase our understanding of IHB. With the pluralistic approach
viewed on the research group, I interpret the knowledge development,
along with the evolution and accumulated academic power of the
research program, is not a result of path dependency nor has it been a
self-reinforcing process.




Abstract

Abstract

Global reports stress the importance of developing the construction
industry to address productivity-related issues and challenges with
urbanization. McKinsey concluded that the construction industry could
be more efficient by using and managing resources to address low
productivity. With an expected intensified urbanization and rapidly
changing global economic landscape, pressure has been put on the
current rate of housing production. Therefore, industrialization has been
promoted as making industries sustainable, with increased resource-use
efficiency and greater adoption of innovation that focuses on industrial
processes. Technology companies have started to take an interest in the
construction market as they see a potential in industrialization and
scalability of house-building and have made large investments in
construction companies that wuse prefabricated or modular
manufacturing techniques to build houses.

Although industrialized house-building (IHB) companies have been the
subjects of wide-ranging research, research into how to utilize IHB can be
important and interesting, not only to address the low productivity in
the industry but also to examine increased resource-use efficiency and
explain how to benefit from the global interest in investing in IHB
companies. Therefore, an increased understanding of IHB companies
from a resource-based perspective, as illustrated from a Swedish
perspective, is considered to be of importance for further development
of the building industry.

The contribution of this thesis is a synthesis of four different constructs
(entrepreneurial orientation, dynamic capability, path dependency, and
technology transfer), discussed in three academic papers, that
characterize and further the understanding of how an IHB company use
and manages its resources.

Findings shows that, on a corporate level, the IHB company managed
resources in many different ways and it did so to secure the business. It
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took different approaches towards how it use and manage resources.
From a theoretical perspective, entrepreneurial orientation has a more
proactive, long-term, and strategic focus on using and managing
resources (both tangible and intangible), looking at the ‘bigger picture’
more. Dynamic capability has a more reactive (addresses different
aspects of change as it happens) and tactical focus on using and
managing resources, looking at the small steps involved in sensing and
seizing and reconfiguring of resources. Technology transfer can be seen
as an active process, on an operational level, using and managing
resources between parties.

Entrepreneurial orientation enabled the case company to use and
manage resources and competences continuously and also to sense,
seize, and reconfigure cumulative resources over time, which resulted in
an exponential build-up of dynamic capabilities. The way in which the
company worked with developing corporate resources showed that
continuous development of dynamic capabilities also influenced the
industry path dependency, by working with fewer changes in processes
caused by external factors. Later, by exponentially developing dynamic
capabilities, and exploring lean to renew the corporate culture, the
increased standardized work operationalized their accumulated
resources. Through small steps of exploitation and exploration, and the
reconfiguration of working methods, the company continuously
improved operations, routinizing learning and the use of built-up
resources. The way it worked by constantly sensing, seizing and
reconfiguring its operations, addressed the assumption that companies
grow in a path dependent way. This, in turn, has led to the potential of
assigning resources through technology transfer of the IHB platform into
another business.
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Sammanfattning

Globala rapporter betonar vikten av att utveckla byggbranschen for att
ta itu med produktivitetsrelaterade frdgor och utmaningar med
urbanisering. McKinsey drog slutsatsen att byggbranschen kunde bli
effektivare genom att hantera och anvanda resurser for att hantera lag
produktivitet. Med en forvantad intensifierad urbanisering och snabbt
foranderligt globalt ekonomiskt landskap har man satt press pa den
nuvarande bostadsproduktionen. Darfér har industrialiseringen
framjats for att gora industrier hallbara, med 6kad resurseffektivitet och
storre intagande av innovation som fokuserar pa industriella processer.
Teknikforetag har borjat intressera sig for byggmarknaden eftersom de
ser en potential i industrialisering och skalbarhet for husbyggande och
har gjort stora investeringar i byggforetag som anvander prefabricerade
eller modulara tillverkningstekniker for att bygga hus.

Aven om industriella husbyggnadsfoéretag har varit foremal for
omfattande forskning kan forskning om hur man anvéander industriellt
husbyggande vara viktig och intressant, inte bara for att ta itu med den
laga produktiviteten i branschen utan ocksa for att undersoka ckad
resurseffektivitet och forklara hur man kan dra nytta av det globala
intresset for att investera i industriellt husbyggande. Darfor anses en
Okad foOrstaelse for industriellt husbyggande ur ett resursbaserat
perspektiv, vilket illustreras fran ett svenskt perspektiv, vara av
betydelse for vidare utveckling av byggbranschen.

Avhandlingens bidrag dr en syntes av fyra olika konstruktioner
(constructs)  (Entreprenoriell — orientering, dynamisk férmaéaga,
sparbundenhet (path dependency) och teknologitverforing), som
diskuteras i tre vetenskapliga artiklar, som karakteriserar och framjar
forstaelsen for hur ett IHB-foretag anvander och hanterar sina resurser.
Resultaten visar att det industriella husbyggnadsforetaget pa
foretagsnivd hanterade resurser pa manga olika sdtt for att sdkra
verksamheten. Det tog olika tillvdgagangssatt for hur det anvande
resurser. Ur ett teoretiskt perspektiv har entreprendriell orientering, ett
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mer proaktivt, langsiktigt och strategiskt fokus pa att anvédnda resurser
(bdde materiella och immateriella). Dynamisk férmaga har ett mer
reaktivt (adresserar olika aspekter av forandring nar det hiander) och
taktiskt fokus pa att anvanda resurser, titta pa de smé stegen som ar
involverade i att kdnna av och ta tillvara och konfigurera resurser.
Teknologioverforing kan ses som en aktiv process, dér resurser utnyttjas
mellan parterna. Entreprendriell orientering gjorde det mdgjligt for
foretaget att kunna utnyttja och fornya resurser och kompetenser
kontinuerligt och ocksd kdnna, ta tillvara och konfigurera kumulativa
resurser Over tiden, vilket resulterade i en exponentiell uppbyggnad av
dynamiska formagor. Sattet pa vilket foretaget arbetade med att utveckla
resurser visade att kontinuerlig utveckling av dynamiska funktioner
ocksd paverkade branschberoendet genom att arbeta med farre
forandringar i processer orsakade av externa faktorer. Senare, genom att
exponentiellt utveckla dynamiska mdjligheter och utforska Lean for att
fornya foretagskulturen, operationaliserade det kade standardiserade
arbetet deras ackumulerade resurser. Genom sma steg for exploatering
och utforskning och konfigurering av arbetsmetoder forbéttrade
foretaget kontinuerligt sin verksamhet, rutiniserade inlarning och
anviandningen av inbyggda tillgangar. Detta har i sin tur lett till
potentialen att utnyttja resurser genom teknologitverforing av den
industrialiserade husbyggnadsplattformen till ett annat féretag.
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Introduction

1. Introduction

This chapter provides background information about the research the thesis is
based on, followed by the purpose of the research and the specific research
questions addressed. It ends with an outline of the thesis.

I will start this thesis with a question. Why should there be interest in
industrialized house-building (IHB) companies? This question is the
starting point for developing my theme, by showing different examples
of the growing interest in academia, society and industry.

Global reports stress the importance of developing the construction
industry to address productivity-related issues (McKinsey, 2017) and the
challenges of urbanization (United Nations, 2018). McKinsey (2017)
concluded that the construction industry could be more efficient through
management and use of resources! to address low productivity. Also,
The Nordic Competition Authorities (2014) discussed how increasing
internationalization can increase productivity in so-called ‘domestic’
industries, such as construction, due to exposure to competitive pressure
from foreign companies. International competition forces companies to
be more resource-efficient and innovative. The United Nations (2018)
have predicted intensified urbanization and a rapidly changing global
economic landscape, putting pressure on the current rate of housing
production. Therefore, the United Nations' Sustainable Development
Goals primarily promote industrialization to make industries
sustainable, increase resource-use efficiency and drive greater adoption
of innovations that focus on industrial processes. From a historical
perspective, shortages of skilled workers and resources coupled with
rapid economic growth and urbanization have driven the development
of the Japanese construction industry, such that industrialized housing
techniques help progress the management and timing of resource
allocation (Gann, 1996). At present, Sweden (Konkurrensverket, 2018),

! Due to inconsistent use of the words in appended papers the following clarification is made:
Resources refers in this thesis to assets i.e. tangible and intangible assets
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the UK (Farmer, 2016), and Finland (Sipildinen, 2018) have also stressed
the importance of changing the construction industry to a more
industrialized way of working in order to overcome some common
problems and generate opportunities. Technology companies (e.g.
Softbank, Amazon, and Google) have, in 2020, started to take an interest
in the construction market as they see potential in industrialization and
scalability of house-building. To date, they have made substantial
investments in construction companies who use prefabricated or
modular manufacturing techniques to build houses. For instance, at
present, Softbank has an estimated $ 1.1 billion of investments in Katerra
(Carson, 2018).

There has already been research carried out into the development of the
emerging IHB field. Three special issues of academic journals have been
published to summarize the different development trajectories, to
problematize and highlight the challenges and contribution to society
associated with industrialized building, and to set paths for further
research into the off-site construction and IHB field. These special issues
were published in Construction Innovation (about off-site
manufacturing in 2009), the Journal of Architectural Engineering (about
off-site construction in 2012) and Construction Management and
Economics (about industrialized building in 2014). Two further special
issues are planned for 2020 on industrialized building, focusing on actual
progress in the IHB field rather than theoretical developments.

According to (e.g. Lessing et al., 2015) IHB companies build and utilize
resources (e.g. products, processes, components, supply chain) in a
standardized way using a variety of platforms (e.g. Jansson et al., 2014;
Johnsson, 2013). Many of the definitions of these platforms follow the
idea presented by Robertson and Ulrich (1998) that a platform is more
than just the physical structure of a product, but rather a collection of
resources. The principal objective of a platform is to provide sufficient
product variety to meet customers' needs while maintaining economies
of scale and scope (Pine, 1993). One explanation of why IHB companies
has become increasingly interesting and essential to the building
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industry is the reported increase (Johnsson, 2013) in production
efficiency with lower costs (economies of scale).

IHB companies have been the subject of wide-ranging research (For
instance evidenced by the many special issues on the subject) primarily
investigating what elements make up IHB companies, its history, why it
has developed and the driving and restraining forces affecting its
development. Research into how to utilize IHB can be relevant in
counteracting low productivity and revealing methods of meeting the
United Nations' Sustainable Development Goals of increased resource-
use efficiency. Such research can also explain how to benefit from the
global interest in investment in IHB companies. Follow this reasoning, it
is proposed that a resource-based view (RBV) of IHB companies might
provide an explanation of how IHB companies could improve resource
efficiency, sustainability and productivity. It is further proposed that
such a view would start with examining how one successful IHB
company has operated.

A RBV explains company-level success generated by its resources or
capabilities (e.g. Penrose, 1959). Developed from RBV, entrepreneurial
orientation (EO) can explain how a company exploits its resources to
generate long-term success (Wiklund and Shepherd, 2005; Ferreira and
Azevedo, 2008). For that reason, EO can be one element that helps
explain how IHB companies manages resources to e.g. meet global
requirements.

From a theoretical perspective, Teece (2014) described how companies
put a premium on being agile in local and global markets, on promoting
flexibility, on responsiveness, and on learning. This suggests that
dynamic capabilities (DC) can be used in conjunction with EO to improve
the explanation of resource use. However, theoretically proven, DC still
lacks an explanation for IHB. Therefore, it could be interesting to develop
further how DC and EO can help to explain the utilization and
management of resources in an IHB company.

The development (DCs) is influenced by path dependency (PD) (Teece et
al.,, 1997; Helfat and Peteraf, 2003). Also, PD may lock a company onto a
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path that limits their ability to change, thus missing business
opportunities (e.g. Arthur, 1989; Winter, 2000). Expanding this
perspective to the IHB context reveals challenges to adopting IHB and to
breaking the influence of PD in an existing company trying to increase
productivity. Given this, how can a non-IHB company meet global and
national needs when trying to take on the IHB platforms? Currently,
there is a lack of understanding as to how PD influence both IHB and
non-IHB companies in terms of resource allocation, management and
use.

So, how can a company exploit IHB (or help other companies to exploit
IHB), and how can IHB be further exploited, that is, how can existing IHB
companies transfer their technology in order to increase the up-take of
IHB? One way of introducing new products, services or resources is
through technology transfer (TT). Baranson (1976) stated that a company
can utilize its current resources to generate revenue through TT. Is it
possible that TT could be used to exploit IHB, in which case, why has TT
and its potential not been studied before? Is TT even possible within the
current IHB sector?

This thesis's contribution is a synthesis of the four different constructs
(entrepreneurial orientation, dynamic capability, path dependency, and
technology transfer) discussed in three academic papers, to further our
understanding of how one IHB company manages and uses its resources.
These theoretical concepts all involve different aspects that contribute to
the understanding of how a company might use and manage its
resources successfully. By taking a RBV of a company (e.g. Penrose, 1959;
Teece, 1982; Wernerfelt; 1984; Barney, 1991; Amit and Schoemaker, 1993),
company-level success can be explained through the continuity provided
by its resources or capabilities and, perhaps, even explain the increased
interest that technology companies have shown in 2020 for investing in
IHB companies. This thesis, therefore, follows the propositions by many
researchers in the strategic management field (e.g. Pisano, 2017) that, just
as companies compete with price, positioning, diversification and
building value to the customer, they also compete to use and manage
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different resources that provide them with an advantage to handle
market disruptors or to become market disruptors.

1.1.Research gap and aim

Not only does IHB companies have practical significance in Sweden, but
it is also promoted as a way for companies to meet demands for lower
and more predictable production costs, shorter delivery times, and
higher quality products. There is an increase in the global interest in IHB
companies. There is an interest for, and maybe even need for a RBV of
IHB companies as there has been growing interest in the potential for
‘better’ resource utilization. Using a RBV perspective, the creation,
maintenance, and renewal of competitive advantage by the company’s
unique resources, their characteristics, and how resources are used and
managed over time, can be understood. By doing so, there can be
discussion of what increased resource utilization would mean nationally
and globally if more construction companies competitively employed
IHB. In order to be competitive in the market, current research suggests
that IHB companies must be able to protect and integrate their specific
investments into platforms and one organization. Engagement in
platforms and industrialized ways of working is, therefore, about being
able to use and manage resources.

Previous research into IHB companies has broadened the understanding
of IHB as a phenomenon from a production management view (e.g.
Jonsson and Rudberg, 2015), from an organizational perspective (e.g.
Engstrom and Hedgren, 2012), and from a strategic management view
(e.g. Lessing et al., 2015). In the past, there has also been a good deal of
research into finding technical solutions to particular problems (e.g.
structural design, materials) that IHB companies have encountered (e.g.
Johnsson, 2004). However, there is still a gap in knowledge of
characterization that would further our understanding of IHB companies
from a RBV. Although many of the previous research studies have built
our understanding of IHB companies from different perspectives and the
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importance of it, it remains unclear as to how companies could achieve
IHB.

Therefore, the purpose of this research is to increase the understanding
of IHB companies from a RBV by exploring the long-term development
of one Swedish IHB company and how they have used and managed
resources. This thesis aims to further our understanding of how the use
and management of resources could present an approach how to adopt
IHB and how established IHB companies could further their
development. This aim is achieved by characterizing one Swedish IHB
company through entrepreneurial orientation, dynamic capability, path
dependency, and technology transfer. Therefore, the following research
question is proposed, which will differentiate the comprehensive
summary (‘kappa’ in Swedish, chapters 1-6 of this thesis) from the
appended papers and add a level of analysis to the respective papers.

RQ: How can one Swedish IHB company be characterized from the
perspectives of managing resources in a temporal view and of EO, DC,
PD, and TT?

The research question addresses the gap that would further our
understanding and characterization of IHB companies from a RBV. The
research question is addressed through a case study of one successful
Swedish IHB company. The findings concerns how the IHB company can be
characterized by the four constructs (EO, DC, PD, and TT) and how the
IHB company uses and manage resources. The implications of the
characterization and how the IHB company uses and manages resources are
further elaborated into recommendations; what companies can do to
introduce IHB, besides, to the discussion on scientific, industry, and global
implications. Furthermore, the discussion of implications also contributes to
addressing the research question.
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1.2.Concerns of the research

Extreme case sampling, a form of Patton’s (1990) purposeful sampling,
was applied when addressing the research questions. This strategy
emphasizes a focus on a special case, rich in information with a small
sample size. This research has collected and drawn on rich empirical data
from an in-depth case study consisting of several sub-studies of a
Swedish IHB company, with a long history of house-building.

While a case study research design has its challenges, the plausibility of
the explanations must be addressed in detail to avoid issues of
generalizability and inaccuracy (Merton, 1957). Abductive reasoning
starts with an observation and then seeks to find the most likely
conclusion from the observation. The conclusions drawn from an
abductive approach should be treated with caution, as they are often
expressed in terms of interpretation of the best explanation (Harman,
1965). Therefore, one could view abductive reasoning as subjective,
given that the researchers themselves determine what is ‘the best,’
resulting in possible conflicting views between the researcher and the
audience (Ketokivi and Mantere, 2010).

However, when observing how an IHB company use and mange
resources, finding the best plausible explanation for their success calls
for abductive reasoning, as is common with case studies (Alvesson and
Skoldberg, 1994; Dubois and Gadde, 2002; Wigblad, 2008). The
advantage lies in the process of moving back and forth between the
empirical study and theory (Dubois and Gadde, 2002; Wigblad, 2008).
Therefore, the researcher did not stick to a pre-set path, where the
outcome of the study would almost be pre-defined and thus limiting the
potential for new findings (Strauss and Corbin, 1990; Dubois and Gadde,
2002).

The pluralistic stance of the research can affect the research. The phrases
‘anything goes’ and ‘non-scientific’ are considered by some to be
associated with pluralism and the ideas that those phrases encompass
can, therefore, undermine the quality of the research (e.g. Backhouse,
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1998). On the contrary, theoretical pluralism states that it is possible to
construct several different theories to explain the same data and, by
doing so, contribute to the growth of knowledge. Cannella and Paetzold
(1994), and Van Maanen (1995) stressed that theoretical pluralism would
facilitate the growth of knowledge in the scientific field. Hallgren et al.
(2011) suggested that in operations management as well as strategic
management research use of multiple perspectives and literature streams
may be fruitful. Tsoukas and Knudsen (2005) explained that there are
two traps to avoid when using such an approach. Using too little
pluralism in the research runs the risk of the results being caught in a
specialization trap. Too much pluralism, however, runs the risk of those
results being caught in a fragmentation trap. Tsoukas and Knudsen
(2005) wanted researchers to be aware of both traps or, eventually, one
of the two might be fallen into.

1.3.Outline of the thesis

I briefly describe the structure of the thesis and each of the chapters.

Preface
This chapter present the researchers journey

Chapter 1. Introduction

This chapter presents background information leading to the gap of
utilizing four constructs of RBV for the research the thesis is based upon,
followed by the purpose of the research and specific research question
addressed and then ends by describing the concerns of the research.

Chapter 2. Theoretical frame of reference

This chapter presents the theoretical frame of reference. It first introduces
to RBV to build the theoretical stand, then describes the core concepts
and finishes with a conceptual model of the four concepts.

Chapter 3. Research methodology
This chapter presents the research approach, an overview of the research
process, context setting and case company description. This chapter ends
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in syntheses of research as a research method, appended papers used in
the syntheses.

Chapter 4. Summary of the appended papers
This chapter presents a summary of the appended papers

Chapter 5. Findings
This chapter presents the findings and addressing the research question.

Chapter 6. Implications and further research

In the final chapter possible implications from the research are discussed
and put into a wider perspective, ending with future research and
direction.
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2. Theoretical frame of reference

This chapter describes the theoretical frame of reference. The resource-based view
to build the theoretical stand is introduced, then the core concepts are described,
finishing with a conceptual model of the four concepts.

Almost a century ago, Schumpeter (1942) showed that companies gain
wealth by innovating and introducing new products or services that
disrupt the current market and cause a shift in the use of resources. To
this day, this is still referenced in the literature about economic growth
of companies. However, there has been new insight into what
contributes to the wealth of a company (e.g. Wernerfelt, 1984; Barney,
1991; Teece et al., 1997; Eisenhardt and Martin, 2000). Teece (2014)
highlighted that successful companies operating globally are
entrepreneurial and can be characterized by local differentiation, global
integration and innovation. These entrepreneurial companies can use
and manage new combinations of resources (Penrose, 1959; Teece et al.,
1997; Eisenhardt and Martin, 2000).

2.1.Resource-based view

The resource-based view (RBV) was developed to explain company-level
differences. It gained considerable attention from academia (Barney,
1991; Teece, 1982; Wernerfelt; 1984; Amit and Schoemaker, 1993), at least
in the field of strategic management and industry. In this paradigm,
industry differences are explained by company-level ownership of
difficult-to-imitate resources, especially intangible ones (Teece, 2019).
Originating from imperfect competition (e.g. many sellers, selling
dissimilar goods) RBV was developed by Edith Penrose (1959) as an
explanation for company success. Rather than highlighting market
structures, Penrose (1959) stressed that diversification of a company with
its unique resources and capabilities is essential to attain normal profit
with imperfect competition, which in turn leads to company success as a
result of continuity provided by its resources or capabilities. Penrose
(1959) provided a new, dynamic conceptualization of the company -
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as ‘an administrative organization and as a collection of resources” — designed
to explain growth at the company level. Long-term competitive
advantage and performance depended on the diverse resources available
to the company. Also, she argued that the most successful and longest-
standing companies were those that could expand by developing and
taking advantage of the opportunities provided by their capabilities or
resources. Capabilities develop over time through interactions between
the company’s resources (Amit and Shoemaker, 1993), allowing
resources to be deployed profitably (Day, 1994). Resources can be both
tangible, such as physical and financial, or intangible, such as managerial
or technical knowledge and skills (Penrose, 1959). Resources are not
much value to the company if they are not put to use (Penrose, 1959;
Newbert, 2007). This means that value is created only when resources are
developed, used, and managed appropriately within the company’s
environmental context (Sirmon et al., 2007).

Developed from Schumpeterian innovation and entrepreneurship,
Penrose (1959) saw that opportunities were gained through the
development of internal and external routines. Penrose (1959) took
bounded rationality for granted, as in Schumpeter’s theory, but her focus
was at company level instead of on the economy as a whole. Later,
Penrose’s view evolved into the dynamic capabilities approach
described in modern strategic management literature. Teece et al. (1997)
argued that capabilities reflect the company’s ability to build and
reconfigure competencies to address rapidly changing environments,
thus highlighting the dynamic nature of capabilities.

2.1.1. Resources versus capabilities

From a RBV, a company’s resources and capabilities are fundamental
building blocks of strategy. Strategy primarily determines what the
company can do, whereas a secondary focus addresses how the company
can best exploit its capabilities to gain competitive advantage (e.g. Grant,
1991). In RBV, companies are built from a pool of various resources and
capabilities, which explains performance differences between

12



Theoretical frame of reference

companies. Resources are tangible (e.g. physical and financial), and
intangible (e.g. knowledge, skills, reputation) and capabilities
(Galbreath, 2005). More precisely, resources are owned and orchestrated
by the company (e.g. Teece, 2007, 2019), while capabilities are a pool of
accumulated skills and knowledge exercised through organizational
routines (e.g. Nelson and Winter, 1982; Teece et al., 1997). In other words,
resources are something a company ‘has’, while capabilities are
something a company ‘does’ (Galbreath, 2005).

A sustained competitive advantage is gained through collecting,
developing and combining rare industry resources (Collis and
Montgomery, 1995). As showed by Carlin et al. (2004), competition
increases the effective use of resources as a result of new competitors
entering the market place, with the consequence that inefficient
companies are forced out. The combination of resources a company uses
are a product of its PD, strategy, along with the strategic fit of resources
and the external business environment (e.g. Chandler, 1990, Figueiredo
and Teece, 1996; Zott and Amit, 2008). For a resource to be strategic, it
must bring value to the customer, be rare, and difficult-to-imitate.
Therefore, any resources, which are homogeneous and can be bought
and sold at a reasonable price, cannot be considered strategically
significant (Barney, 1991, Hunt and Morgan, 1996). Galbreath (2005)
concluded that sustainable business performance was linked to
intangible and tangible resources. More specifically, he found that
capabilities contribute significantly to company success.

However, the definition of resources has always been a challenge in
RBV literature as both researchers and practitioners have used a variety
of different terms to describe a company’s resources. These terms
include competencies (Prahalad and Hamel, 1990), skills (Grant, 1991),
strategic resources (Amit and Schoemaker, 1993), resources (Ross et al.,
1996), and stocks (Capron and Hulland, 1999). Therefore, it has been
unclear what the researchers mean by key terminology (Priem and
Butler, 2001). The following definition of resources is used by, for
example, Pisano (2017 pp. 749) ‘resources are a collection of tangible and
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intangible assets such as skills, capabilities, reputation, and brand equity’.
Teece (2014) reasoned that a company’s success and competitive
advantage rests on their ability to develop and deploy resources,
especially intangible ones.

2.1.2. Ordinary and dynamic capability

Capability is one of the fundamental concepts discussed in strategic
management literature (see e.g. Teece et al., 1997; Eisenhardt and Martin,
2000; Helfat et al., 2009; Teece, 2014). A company’s capabilities are a set
of current and potential activities that utilize the company’s productive
resources to make and/or deliver products and services (Teece, 2014).
There are two classes of capabilities, namely ordinary and dynamic
(Table 1).

Ordinary capabilities involve the performance of administrative,
operational, and governance-related functions that are (technically)
necessary to accomplish tasks. Their purpose is to achieve technical
efficiency and ‘do things right” in the core business functions of
operations, administration and governance (Winter, 2000; Helfat et al.,
2009; Helfat and Winter, 2011; Teece, 2014). Teece (2014 pp. 330) further
explained this: ‘Ordinary capabilities permit some degree of sufficiency (and
possibly excellence) in the performance of a well-delineated task’. Hence,
ordinary capabilities are embedded in skilled personnel, facilities and
equipment, processes and routines (including any supporting technical
manuals) and the administrative coordination needed to complete the
task (Teece, 2014).

Dynamic capabilities (DC) involve higher-level activities that can enable
a company to direct its ordinary activities toward high-payoff endeavors
(Teece, 2014). Their purpose is to ‘do the right things” at the right time,
based on new product (and process) development, and unique
managerial processes to meet customers’ needs; in the context of
technical and business opportunities, technology embodies dynamic
capabilities (e.g. Teece et al., 1997; Eisenhardt and Martin, 2000; Helfat et
al., 2009; Teece, 2014). This requires managing, or ‘orchestrating,” the
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company’s resources to address and adapt to rapidly changing business
environments.

Therefore, DC can be seen as a company’s ability to integrate and change
resource bases to address changing environments (Teece et al., 1997). To
be of importance, DC should be able to create and renew resources
(Eisenhardt and Martin, 2000; Teece et al., 1997) and reveal what abilities
a company has to achieve that (Teece et al., 1997; Teece, 2007). Potentially,
resources are valuable and people that are semi-permanently attached to
a company (Teece, 2015). Following Holsapple and Oh (2014) DC is seen
as reactive as the case company in focus address changing environment
inside the construction market, rather than addressing change outside
their own market (proactive).

Table 1. Some differences between ordinary and dynamic capabilities
based on Teece (2014)

Ordinary capabilities Dynamic capabilities
Purpose Technical efficiency in ~ Meeting customer needs and
business functions taking advantage of
technological and business
opportunities
Mode of Buy or Build (learning) = Build (learning)
attainability
Tripartite Operate, administrate ~ Sense, seize and reconfigure
schema and govern
Key routines  Best practice Signature processes
Managerial Cost control Entrepreneurial asset
emphasis orchestration and leadership
Priority Do things right Do the right thigs
Imitability Relatively imitable Inimitable
Result Efficiency Innovation
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2.2.Entrepreneurial orientation

Entrepreneurial Orientation (EO) can be said to be a mindset of the
company and displays proactive behavior (Ketchen and Short, 2012) that
focuses on the future rather than reactive (Schillo, 2011) to events after
they unfold. Therefore, all actions taken in developing, using, and
managing resources have a proactive element to them.

Schumpeter (1942) highlighted how companies with an EO can not only
create new combinations in terms of new products, production methods,
and resources but also know how to use them. This was due to the ability
to employ more resources for innovation (Lumpkin and Dess, 1996).
Miller (1983) recognized that EO companies could identify and exploit
opportunities by being proactive, innovative, and willing to take risks. In
addition, autonomy and competitive aggressiveness are a key feature of
EO (Lumpkin and Dess, 1996). Strategy management researchers (e.g.
Brown and Eisenhardt, 1998; Eisenhardt and Martin, 2000) have argued
that the creation and utilization of new combinations of resources are
connected to management practices and EO, thus linking RBV and DC
with EO in terms of the building, reconfiguring, and combining of
resources in new ways (Teece at al., 1997). In addition, Grande et al.
(2011) argued that EO can also be seen as an important resource in its
own right.

2.3.Path dependency

Path dependency (PD) explains the continued use of resources based on
historical preference or use (David, 1985; Arthur, 1989). A company may
continue to use resources even if there are alternatives available that are
more efficient. PD occurs because it is often easier and more cost-effective
for a company to continue along an already determined path than to
create an entirely new one (Roehrl and Riahi, 2000). It has also been noted
that company-level resources take time to develop and have associated
path dependencies (Barney, 1991). Therefore, most companies prefer to
develop further, or use, existing resources (Schumpeter, 1942). More
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recently, Ladperi and Torkkeli (2013) demonstrated how Nokia missed
the opportunity to capitalize on the emergence of the smartphone
concept, due to their decision to develop and use existing resources.
Mahapatra and Gustavsson (2008) noted that, because of how companies
act, PD stabilizes existing innovation processes. However, companies
with well-developed DC and EO are more likely to overcome these
obstacles and adapt to change (Teece et al., 1997; Zahra and George,
2002). Therefore, these companies are more likely to exploit a new
technological opportunity for producing a new product, or producing an
existing one in a new way (Schumpeter, 1942). To summarize, literature
on PD assumes that decisions are initially open to change and impose
few constraints on subsequent development, but become increasingly
fixed over time and thus impose increasingly severe constraints on
present and future choices (Teece et al., 1997). Therefore, past decisions
may dictate a company’s current and future actions. Additionally, Teece
(2007) argued that events in a company’s history would constrain and
affect its future behavior to some degree. PD thus develops over time as
the configuration and understanding of ‘automatic’ processes and as
capabilities become embedded in how a company operates.

2.4.Technology transfer

Teece (1977) argued that resources required to transfer technology
(between companies) are considerable, and thus linking RBV to
technology transfer (TT). TT is defined as an active process (in contrast
to diffusion which refers to a spontaneous process) during which
technology (i.e. tangible and intangible resources) is transferred from one
unit to another (Autio and Laamanen, 1995; Bozeman, 2000; Bozeman et
al., 2015), with the intention of increasing the competitive advantage and,
subsequently, profits and market share, of a company (Zhao and
Reisman, 1992). Kogut and Zander (1993) even claimed that TT is the key
to both domestic and international growth of a company. TT can occur
internal within a company or unit (Wahab et al., 2011) or in light of
globalization, transferring the capability and skills for manufacturing a
specific product from a company in one country to companies in other

17



Using and Managing Resources in Industrialized House-Building

countries (Baranson, 1976; Chesnais, 1986; and recently, Teece, 2017),
through different mechanisms (e.g. Autio and Laamanen, 1995;
Cunningham et al., 2017) and transfer processes (e.g. Stock and
Tatikonda, 2000).

The economic value of resources depends not just on how companies can
use and manage them, but also on the idea of transfer and replicability
(e.g. Teece, 2004). Replicability allows for ‘scaling’, so can be applied in a
new context. Transferability is closely related to replicability. If a
resource can be employed through transfer from one context to another,
then it can potentially yield more value (Ibid.). However, if it can be
transferred, it can be lost to competitors through imitation.

Authors of management literature (e.g. Caves and Caves, 1996; Pavitt,
2001) have described technology as being company specific information
about the characteristics and performance properties of the production
process and of the product design; production processes or operations
technology are embodied in the equipment or the means to make a
specific product. In contrast, product design or product technology is
encapsulated in the finished product.

Howells (1996) synthesized these views of technology, describing the
technology base of a company as a combination of both tangible and
intangible resources, see Figure 1.
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Figure 1. The technology profile of a company (Howells, 1996 pp. 92)

The tangible resources include the physical product, and plant and
equipment, whereas intangible resources consist of formal (such as
patents, licenses, contracts, and specific training programs) and informal
technical knowledge (tacit knowledge and skills).

2.5.Platform

Robertson and Ulrich (1998) described how a product platform consists
of products, processes, know-how and relationships, which can be seen
as a collection of resources that are common to a set of products. Meyer
and Utterback (1992), and later Ericsson and Erixon (1999), focused on
the products and components themselves. Meyer and Lehnerd (1997),
and Robertson and Ulrich (1998) focused on how the platform worked,
by studying the processes and logic behind it. Lessing (2006) transferred
the platform concept to IHB and identified the technical platform and the
process platform as being parts of the overall platform. As shown by
Schroeder et al. (2002), who linked the RBV to manufacturing strategy,
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entering a platform strategy means making significant investment in the
resource base. This implies that in order to sustain several platforms, a
company needs a large resource base. Pine’s (1993) insight showed that
platform strategy provides sufficient product variety while maintaining
the benefits of economies of scale in production. Hvam et al. (2008)
recognized four platform strategies (based on product pre-definition)
stretching from traditional project-unique design, through two levels of
platform development, to completely pre-defined products.

2.6.Conceptualization of the constructs

This final section summarizes the different constructs building a conceptual
diagram of them, ending with how the constructs and resources are seen in
this thesis.

The various perspectives of EO, DC, PD, and TT all provide different
views of how resources can be used and managed. Figure 2 shows a
conceptual diagram of the four constructs. The big circle represents the
boundaries (i.e. application of RBV to describe the IHB company) of the
RBV with the different constructs inside. There are, differences (how
resources are managed and used), but the core concept of a resource has
a unified understanding (from a theoretical point of view) of what it
constitutes and how it could be managed. Based on the definitions of
resources presented in the theory section through the four constructs, in
this thesis, resources are defined as tangible (i.e. physical products,
plants, equipment, and financial) and intangible (i.e. patents, licenses,
contracts, tacit knowledge and skills).
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Figure 2. Conceptualization of the different constructs

In literature, PD is described as explaining how a company has leveraged
its history, its successive build-up of resources, and how it has managed
them. Central to this thesis is the idea of Chandler (1992) that companies’
investments in resources initially grow in a PD way. Descriptions
originating from a PD view explain that the continued use of resources
is based on historical preference (David, 1985; Arthur, 1989). Companies
may continue to use resources, even if there are alternatives available,
because it might be easier and more cost-effective for a company to
continue along a pre-determined path than to create an entirely new one
(Roehrl and Riahi, 2000). As shown in Figure 2, PD influences the
company both externally and internally. External PD represents how the
industry has developed, how regulations and customer preferences
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influence a company’s ability to change successfully. Internal PD,
represents the company’s history, culture, people, product and
processes, are all built in a way that also influence a company’s ability to
change successfully (influencing the different constructs).

Investigating a company's EO can reveal an IHB company's ability to
innovate, use, and manage its resource base to meet the market's needs
and opportunities proactively (Schillo, 2011). An entrepreneurial
mindset might aid a company in discovering and exploiting unique
resources. In the EO literature (e.g. Wiklund and Shepherd, 2005; Hitt et
al., 2017), resources are considered tangible if they can be ‘observed and
quantified’, and intangible if they are ‘rooted in the company's history,
accumulated over time and are hard for competitors to analyze and
imitate.” EO refers to the activities (e.g. processes, practices, and decision-
making) that, according to Lumpkin and Dess (1996), lead to entry into
new markets. The key elements that characterize an EO include a
tendency to act autonomously and a willingness to innovate, take risks,
be aggressive toward competitors, and be proactive towards
marketplace opportunities (ibid). From a theoretical perspective, EO
indicates proactive, long-term and strategic focus on use and manage of
resources (Schillo, 2011).

The DC perspective presented in literature helps describe an ability for
resource utilization and how to change that ability through sensing,
seizing, and reconfiguring to use and manage resources (Teece et al.,
1997; Eisenhardt and Martin, 2000). The DC literature referenced here
(e.g. Teece et al., 1997) has acknowledged that resources can be tangible
or intangible, and has proposed that DC can be seen as a company's
ability to integrate and change resource bases to address changing
environments (Teece et al., 1997). DC can also reveal what abilities a
company has to achieve that (Teece, 2007). The literature presents DC as
a company-level ability that indicates a reactive (addresses different
aspects of change as it happens) and tactical focus on using and
managing resources viewed from a temporal, emergent corporate-ability
perspective (Holsapple and Oh, 2014).
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TT is defined, by several scientists, as an active process during which
technology is transferred from one unit to another (Autio and
Laamanen, 1995; Bozeman, 2000; Bozeman et al., 2015), focusing on
increasing the competitive advantage and, subsequently, profits and
market share, of a company (Zhao and Reisman, 1992). Furthermore, in
TT literature, technology is considered a company-specific resource,
including tangible and intangible components (Brenner, 1997).
Therefore, utilizing a TT view might add to an understanding of how a
company can utilize its current resources for business purposes. In
Figure 2, TT can be internal within the company or external transfer of
technology out of the company.

The four constructs might partly overlap and most importantly, in this
thesis, resources are a collection of both tangible (i.e. physical products,
plants, equipment, and financial) and intangible (i.e. patents, licenses,
contracts, tacit knowledge, and skills). EO refers to a company's mindset
and indicates proactive (i.e. introduce new business models, new
products and services, operating procedures, and management
methodologies) behavior towards developing, using, and managing
resources. DC indicates a company's ability to use and manage
resources, in a reactive manner addressing different aspects of change
as it happens. PD characterizes company development, expansion, use,
manage, and transformation of resources based on historical preference.
Finally, TT is an active (i.e. intentional, goal-oriented interaction)
process during which technology is transferred from one unit to
another. Each provide insights into how resources might be handled.

23



Using and Managing Resources in Industrialized House-Building

24



Research methodology

3. Research methodology

In this chapter, the research approach and an overview of the research process
are presented and discussed, along with a description of the context setting and
case company studied. It ends with an explanation of the syntheses of research
used as the research method.

3.1.Research approach and process

The research approach in this thesis can be categorized as exploratory, as
it started with a general idea (the general questions, as explained earlier)
and used that to guide and identify issues for further research. As this
approach involves answering questions such as what, why, and how, it
is also closely linked to interpretive research. Another factor influencing
this research was the researcher's extrovert personality and the desire to
help people (and companies, for that matter). It all began with an
inductive start to the research, with the question: “What is it that creates
a successful company?’ By carrying out a literature search on the topic, a
research field was found which studies and strives to understand what
creates successful companies, and what makes some companies more
successful than others. This field of study was strategic management, a
field where researchers have investigated similar questions. From that
point, the research process became abductive, moving back and forth
between empirical material and theory.

The first point of interest was in dynamic capabilities (DC) and how the
IHB company had developed to become successful. During the collection
of the empirical material (summary in Table 2) and interviews with
executives in the company, entrepreneurship emerged as a probable
influence on the company. This finding was described in Paper 2. What
also became clear was that the company made extensive investments in
resources, which was the starting point for Paper 1. The focus for that
paper was on how the company managed and developed their
accumulated corporate resources to remain competitive in the market.
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The progression from Paper 2 to Paper 3 was essentially coincidental,
resulting from the interviews. Whilst writing Papers 1 and 2, and
carrying out interviews, a press release from the company stated that
they were moving into the Finnish market. When we interviewed the
CEO, he confirmed this, saying that the company was going to
collaborate with a Finnish company to build houses in Finland. This
unexpected event resulted in Paper 3.

Table 2. Empirical material

Data Data source Scope and target

To understand th !
© Interview Production manager o unders a.n N company s
@ production operations
o0 . . To understand the company’s
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e production operations
i 5 To understand how th
< £ . CEO of a subsidiary o understand flow the
o 3 B Interview company works with its
2 & & company pany
= P collaboration partners
ﬁ § = To understand the history of
E 8l = Interview CEO the company from 1993 to
c 9
£ E % 2018
5 & = To verify the activities in the
E 5 O Interview CEO development timeline between 1993 and
® i 2018
gz
4] To understand the pl f
= g . CEO collaborating o uncerstand the pians o
8 g Interview the company regarding
£ o company
g9 technology transfer abroad
5 = Archival Bibliography from  To understand the history of
- 5 m material 2009 the company
o) £ . Five PhD To understand the history and
o g Archival . .
& @ . dissertations between  development focus of the

DN material
2000-2013 company
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Paper 2. Overcoming Path Dependency in an Industrialised House-Building Company

through Entrepreneurial Orientation

To understand the company’s

Interview Production manager . .
production operations
To understand th !
Interview Project developer o understand the company's
production operations
To understand how th
. CEO of a subsidiary o understand flow the
Interview company works with its
company .
collaboration partners
To understand PD and the
é Interview CEO history of the company from
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= Interview compan the company regarding
o pany technology transfer abroad
The professor who
) To understand the role of the
Interview previously university’s research activities
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on the company’s focus areas
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Thy f h
€ PrO1essor WO 1, understand the role of the
Interview previously university’s research activities
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Paper 3. Technology transfer in the construction industry

To understand the company’s

2000-2013

Interview Production manager . .
production operations
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company
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Longitudinal real-life data
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Interview CEO Development  the case company regarding
technology transfer abroad
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Manager in case .
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) material
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3.2.Research context

3.2.1. Industrialized house-building

Traditional house-building companies create and maintain their ability
to handle short-term opportunities using the building process
characteristics described e.g., Vrijhoef and Koskela (2000) and Flanagan
et al. (2007). By having a broad resource base, traditional house-building
companies can adapt their reactive operations strategy to take advantage
of market conditions (Lessing and Brege, 2015).

In contrast, IHB companies generally focus on long-term planning and
employee development to ensure that a steady flow of projects can
support the stable production of prefabricated parts and enable
innovation to be integral in each project (Jansson et al., 2014). IHB
companies employs a strategy with the following characteristics:
prefabricated components are used to produce buildings; production
systems are designed for specific niche markets; production systems are
maintained and updated to meet customer needs (e.g. Lessing et al,,
2015). As research by Uusitalo et al. (2017) showed, IHB companies
demonstrate the ability to handle both short-term and long-term
variations in the market, and mitigate risks in their process orientation
(e.g. Jansson et al, 2014) using pre-defined process and product
platforms. The success of these companies depends heavily on the ability
to integrate existing resources into the operational platform. As such, the
platform is the foundation of established standards that ensure efficiency
(Jansson et al., 2014). IHB companies use proactive means to approach
long-term market changes and to secure the investment in pre-
engineered platforms (Uusitalo and Lavikka, 2020a). Also, IHB
companies strengthen their market position by investing in product
development so that the operational platform is very specific to specific
projects.

Lessing et al. (2015) focused on examining strategic orientations and the
characteristics of IHB companies’ business models. They concluded that

29



Using and Managing Resources in Industrialized House-Building

IHB companies can be characterized by a ‘set of constructs that are
systematically integrated in order to establish production systems, structured
for a continuous production of buildings, aimed at certain market segments and
product ranges’ (Lessing et al., 2015 pp. 92). These constructs provide a
combined, holistic framework that emphasizes the diversity and
strategic aspects of IHB (Lessing et al., 2015).

High technology ‘products’, such as complete houses, are often systems.
These systems often consist of interdependent components resting on
platforms where the end-user is a user of the system, not the platform
(Teece, 2007).

3.2.2. Sweden as a forerunner in IHB

With its long history in IHB (see e.g. Lessing et al., 2015), Sweden can be
considered as one of the world-leading advocates of IHB (Maxwell and
Aitchison, 2016). In fact, Hashemi et al. (2016) considered Sweden as an
exception (when considering IHB companies for single dwelling houses)
compared to many of the world’s developed economies such as the
United States, Australia and the United Kingdom that have failed to
establish and sustain industrialization in house-building using
prefabrication. With exceptionally strong development since the mid-
2000s in industrialized production methods, the development of wooden
multi-storey houses has been driven by innovation in Sweden, resulting
in 15% of apartments being built by IHB companies (Hashemi et al.,
2016).

3.2.3. Choosing the case company

The evaluation and later selection of the case company was determined
by the opportunity to obtain information-rich data. The focus in this
research was to further the understanding of IHB companies by studying
a specific company. When there are limited research resources, Patton
(1990) suggested using purposeful sampling and following the logic of
extreme case sampling. This strategy emphasizes a focus on unusual or
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special cases that are rich in information with a small sample size.
‘Unusual or special cases’ means cases that are particularly problematic
or especially informative, for example, outstanding successes or notable
failures. We must bear in mind that, as with all other aspects of
qualitative inquiry, purposeful sampling must be judged in context, with
the same principles that underpin the analysis and presentation of
qualitative data (Patton, 1990). Purposeful sampling, as with interpretive
research, is often criticized for being subjective, but it should be judged
based on the purpose and rationale of the study, and the sampling
strategy used.

The case company studied was founded in 1924, and is currently
acknowledged by researchers and industry actors (both nationally and
internationally) alike as a forerunner in the promotion of IHB. In the past
decade, there has been a rise in interest both from other companies
(construction and other industries) and municipalities in the case
company. There has been interest in their balanced approach to working
practices (e.g. how they have dealt with standardization) with the
company promoting their operations and actively inviting actors (e.g.
competitors, academia) to visit their production facilities. This has
resulted in a close business relationship with the local University. Hence,
this researcher had access to a great deal of data, collected over years of
company development.

Their way of working can be seen as being the antithesis of that of
traditional construction companies. Their bold gamble, to move towards
a more industrialized way of working in 1993, showed that a company
can succeed using an IHB strategy. Therefore, this particular company
was chosen to be studied as it can be classified as special in the house-
building context.

The case company is family-owned and manufactures industrially-built,
multi-storey modular timber buildings in Sweden, using a unique
'volume construction' technology. The core of their current business is
the industrial production of multi-dwelling houses made from wood
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sourced from northern forests. By leveraging modern technology, the
company is able to build attractive, high-quality housing quickly, safely,
and cost-effectively directly on the site. Their customers are both private
individuals as well as rental and tenant-owner-owned apartments. The
industrial approach includes a high degree of flexibility, so that the
company can adapt projects to suit their customers' requirements. Hence,
the end-products vary significantly in terms of architecture even though
the method for producing them is highly standardized.

The company is considered successful because it has existed for over 90
years and has, in recent decades, transformed into an IHB company.
Furthermore, the company has maintained detailed records throughout
the transformation, making it an excellent source of data for this type of
study. The authors’ good connections with the company made it possible
to carry out in-depth interviews with relevant employees. The company
also has a strong desire for innovation and development, investing three
percent of their annual turnover in research and innovation, with the
intention of continuing to create healthy and attractive housing of good
quality.

Currently, the company is organized as a group encompassing three
organizations: the construction company, the real-estate company and a
developer that identifies projects and customers. The company has a
history of building in-house designed products, but from around 2005,
the majority of orders have come from external customers. In 2017, a 100
ME€ investment decision was made to build a new factory that will triple
capacity to about 2400 housing units per year. The case company is
classified as a large-medium sized construction contractor (more than
450 employees).

3.3.Evaluation of the research using a credibility check
To demonstrate the rigor of this research, the terminology from Lincoln

and Guba (1985) was used, in contrast to quantitative research that uses
statistical methods for establishing validity and reliability, as they
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inherently differ in terms of philosophical position and purpose
(Sandelowski, 1993). To demonstrate credibility, the research presented
in this thesis was evaluated using the concepts of truth value, consistency
and neutrality, and applicability, as proposed by Lincoln and Guba
(1985).

Truth value

e Ethical procedure was followed in all the appended papers.
Before the interviews, all the interviewees were given written
information about the research agenda and publishing strategy,
and who was carrying it out. They were asked for their permission
to record the interviews before they were carried out.

o The interviewees crosschecked and verified the transcripts.

e The case company’s chief executive offices approved the final
manuscripts of Papers 2 and 3.

¢ The interviews were carried out in pairs.

¢ To minimize the impact of researcher and confirmation bias, the
researcher who had the least personal connection with the
company carried out all the interviews.

Consistency/neutrality

e The research journey was documented along with the researcher’s
philosophical position and perspective, as well as the researcher’s
experience prior to starting their PhD studies.

e Use of rich and in-depth descriptions of the case company to
maximize transparency of the research and present the study in
detail to reveal any hidden agendas.

¢ Transparent and clear descriptions of the method and research
process.

¢ Discussions and challenging of assumptions with members of the
research group until a consensus was reached (all papers).

e Data triangulation by the use of multiple data sources in the
studies.
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¢ Theory triangulation by using different applications of theory for
the same underlying research question to interpret the results of a
study and gain multiple perspectives.

e Papers have been independently analyzed by the authors.

Applicability

e Application of findings to others contexts or units.

¢ Rich description of the context and the setting.

e Facilitation of the evaluation of the results, and describe
implications and transferability to other contexts or units.

3.4.Syntheses of the research

Strike and Posner (1983) defined synthesis as an activity in which
separate parts are brought together to form a 'whole'; this construction of
the whole is essentially characterized by some degree of innovation so
that the result becomes greater than the sum of its parts. All research
syntheses share a common purpose — to summarize, synthesize, or
integrate research findings from diverse studies. This helps readers stay
well-informed of the growing literature in a field. Although synthesis
implicitly entails an anti-pluralistic view, the term ‘synthesis’ is used in
this thesis simply to mean forming a whole by putting parts together
(Hellmann, 2003), and therefore does not entail consensus or imply a
teleological notion of scientific progress (Ibid).

In this thesis, meta-ethnography is used for an interpretive synthesis,
mirroring Strike and Posner’s (1983) arguments that synthesizing a part
to describe a whole maintains an interpretive epistemology. This
approach has its origins in the interpretive paradigm from which most
qualitative research methods have evolved (Barnett and Thomas, 2009).
When producing a new interpretation, model or theory, meta-
ethnography goes beyond the findings of the individual studies
synthesized and does not simply summarize findings (Noblit and Hare,
1988). In this research, the seven-step process (Noblit and Hare, 1988)
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shown in Table 3 was followed to synthesize the findings in order to
address the research question.

A single study rarely provides satisfactory answers to research questions
(Wolf, 1986). However, synthesizing three studies puts this research into
a context showing how the different constructs are related, thus helping
to fulfill the purpose of characterizing one Swedish industrial house-
building company.

Table 3. Seven steps of Noblit and Hare’s (1988) meta-ethnography

1. Starting
The underlying assumption in this thesis is that development, usage,
and manage of resources is what makes a company competitive in the
market. How can the use of resources by an industrialized house-
building company help combat low productivity and attain the UN’s
goals for sustainable development? The three different studies have
looked at different aspects and each contribute to the understanding of
what makes a company successful. EO refers to a company's mindset
and indicates proactive behavior towards developing, using, and
managing resources. DC indicates a company's ability to use and
manage resources. PD characterizes company development,
expansion, use, manage, and transformation of resources. Finally, TT
is an active process during which technology is transferred from one
unit to another.

2. Deciding what is relevant to start with
All three published journal papers are included (see chapter 4. which
is a summary of the appended papers)

3. Reading the studies
A mind map was used to identify main concepts, along with their
differences and similarities. This provided the context for the
interpretation and explanations of each study.

4. Determining how the studies are related and 5. Amalgamating

the results of the studies

These steps (4 and 5) examined the relationships between the concepts
arising from the three different journal papers, their theoretical
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approach, and the differences between the papers. The input data is
the summary of the appended papers (Chapter 4), in addition, the
mind map where used to supplement how the different concept
understand resources and connect the constructs to the underlying
theory. The findings of this are shown in Findings chapter as Table 4.
6. Synthesizing translations and 7. Expressing the synthesis

The last steps were to produce synthesized findings and answer the
research question.

One possible and alternative approach to synthesizing the qualitative
data was re-analysis of the data (e.g. Heaton, 1998, Weed, 2002).
However, that approach was considered problematic as there were
several researchers responsible for the original raw data collection (see
Table 2.). Therefore, a secondary analysis was not considered possible.

The findings from the synthesis are stretching the observation of the
individual studies to reveal new findings that one single study might else
have overlooked, and in conjunction with the findings from the
individual studies together answer the research question.
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4. Summary of the appended papers
This chapter presents a summary of the appended papers

Paper 1. Understanding industrialized house-building as a
company’s dynamic capabilities

The aim of Paper 1 was to further the understanding of industrialized
house-building from an emergent corporate-ability perspective. Thus,
the research traces the build-up of corporate resources in an
industrialized house-building company over time.

By carrying out a case study, a narrative covering the evolution of an
industrialized house-building company over 25 years was formed. The
data utilized in Paper 1 were a large number of original data from
research studies carried out between 2000 and 2013, as well as the
retrospective reflections of owners and managers (interviews).
Therefore, the research identified not only what resources the company
developed and are currently exploiting, but also how these resources
were developed and managed (i.e. enhanced, combined, protected and
potentially reconfigured) to sustain long-term competitiveness.

The empirical findings on the build-up of corporate resources showed
how a successive process of exploration and exploitation formation of
dynamic capabilities eventually played out into an exponential DC
build-up. The industrialized house-building company displayed the
ability not only to exploit and renew resources and competences
continuously, but also to sense, seize and reconfigure cumulative
resources over time. Four identified strategic directions were
deliberately initiated to sense and seize incremental and radical
changes, and included routinized management to enhance, combine
and reconfigure resources to sustain long-term competitiveness. These
strategies were:
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Standardization of components, which was gradually built up over the
years in small increments, with components being systematically
developed in several explorative and exploitative phases. This was the
beginning of development of the platform the company currently uses.

Value chain integration and standardization of processes were an outcome of
the development of standardized components and process
standardization, where the accumulation of capabilities was exploited
at a corporate level. This involved making long-term agreements with
stakeholders and the acquisition of complementary resources and key
resources through the negotiation of long-term contracts.

Managing relationships to develop a new business model involved
developing building specifications that would fit both the platform and
client requirements, and successively building long-term partnerships
that focused on relationship-based cooperation with different
stakeholders.

The fourth strategy was exploring lean to update the corporate culture. This
incorporated collaboration and cross-industry learning by exploring
lean thinking and ideas, increasing standardization, employee loyalty
and involving top management.

The contribution of Paper 1 was to increase the understanding of IHB
from an emergent corporate perspective by tracing the build-up of
corporate resources in an IHB company over 25 years.

The results showed an accumulation of dynamic capabilities over 25
years and explained the sustained competitive advantage of the
company. This also indicated that higher order dynamic capabilities are
difficult to imitate, which implies that companies cannot simply buy
them in to start industrialized house-building, but that they must already
possess dynamic capabilities to be able quickly to exploit and to
develop/reconfigure industrialized house-building resources (such as a
product platform, process standardization and manufacturing
resources). The other, apparent, route is the longer one (in this case, 25
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years) that includes successively sensing, seizing and reconfiguring
building company resources for successful industrialized house-
building uptake and competitiveness.

Paper 2. Overcoming Path Dependency in an
Industrialised House-Building Company through
Entrepreneurial Orientation

The aim of Paper 2 was to use the construct of entrepreneurial
orientation to examine how an industrialized house-building company
has survived for so long, overcoming path dependency. Although it is
well established that industrialization can improve construction
companies’ productivity, the uptake of industrialized methods of
working has been slow, and traditional construction companies remain
unwilling to move towards industrialization. One key reason is that
there is little understanding of how construction companies can
overcome path dependency.

This study drew on a longitudinal case study that examined an
industrialized  house-building  company, investigating how
entrepreneurial orientation influenced the development of a
construction company that was able to transform from a traditional one
to an IHB company over 25 years, overcoming path dependency in the
process. The data utilized in Paper 2 came from interviews and archival
data (consisting of PhD dissertations, and the bibliography of the
company).

It was found that focusing on a niche market segment, developing a
platform in collaboration with external actors, and possessing an
entrepreneurial mindset all supported the company in overcoming its
path dependency. The company showed autonomy by independently
acting when faced with tough competition and market turbulence. By
completely changing its business model from project-based to process-
based building, and challenging traditional construction companies, the
case company proved itself to be remarkably innovative. However, this
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innovative action was only possible because of the company’s appetite
for risk-taking, revealing another facet of its entrepreneurial orientation.
The company also displayed proactiveness by being the first to bring
wooden modular buildings to the market. It thereby gained the first-
mover advantage. By pushing for the product as they did for the first 10
years (through a public-private relationship), they created demand and
new opportunities for themselves, for their customers and the broader
industry. The introduction of their product allowed customers to
acquire high-quality turnkey wood-based modules that can be
assembled on-site much more quickly than a traditional building project
can be completed. A key advantage is that the product can be assembled
quickly and does not need the drying time associated with concrete-
based projects. Therefore, the customer can sell and/or rent apartments
much more quickly, allowing them to obtain revenue earlier than would
otherwise have been possible. In this way, the company demonstrated
competitive aggressiveness: they identified a common problem of
traditional construction companies (the long drying time of traditional
concrete buildings) and used it to argue strongly for the added value of
their product, adopting unconventional tactics to challenge industry
leaders.

Findings showed that first, to overcome inherent path dependency in
the construction industry, companies should be proactive and establish
a long-term relationship with different stakeholders. Second, the
promotion of own brand (using proof-of-concept pilot projects to prove
the viability of its product to customers and the wider market) and the
use of highly respected partners to promote the product, both create
demand and new opportunities for the company and for their
customers. Third, finding and focusing on a niche market segment is
key. In so doing, the company can develop the product for this specific
market and focus on customers’ needs, instead of trying to sell more
general products across the whole market. Fourth, a niche market focus
supports working with standardization of products, processes,
components. The adoption of lean philosophy is a way for companies
to structure their operations around standardization. Finally, top
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management should be expected to make long-term fixed strategic
commitments, and invest in platforms to address risks associated with
housing production and supply. This allows companies to gain a
competitive edge over its rivals.

The contribution of Paper 2 was the theoretical build-up of EO, PD and
strategic orientations of IHB companies, and contributes to
practitioners’ understanding of IHB companies from a strategic
management contingency perspective.

Paper 3. Technology transfer in the construction industry

This paper starts with the question “Why should construction companies be
interested in technology transfer (TT)?’. This rather broad question was a
guide to further our understanding of technology transfer in an
industrialized house-building company. The aim of Paper 3 was to
apply a managerial perspective and consider industrialized house-
building as a technical solution so technology transfer could be
investigated in a construction context.

First, it is well known that technology transfer can improve the
competitive advantage of a company. In addition, technology transfer
is a vital component for economic development and essential to
advancing both society and social welfare. Moreover, the diverse
challenges currently facing society, such as demographic shifts, intense
urbanization, ambitious climate goals, and maintaining high
employment levels, will inevitably also affect the construction sector. As
a consequence of these driving forces, the demand for increased
construction of homes and premises is becoming increasingly apparent.
These factors, especially urbanization, have resulted in the value of the
global construction industry hitting an all-time high of 1.39 trillion USD
in 2018. Hence, a considerable rise in technology transfer within the
construction sector can be expected over the next decade.
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The data utilized in Paper 3 were a meta-analysis of the technology
transfer literature, combined with a qualitative case study (including
interviews and secondary data) of three construction companies
participate in technology transfer. The findings showed that the
industrialized house-building platform strategy can help a company to
overcome uncertainties associated with the technology transfer process.
By building strong core competence in industrialized house-building
organized into a product platform, it is possible to gain competitive
advantage.

The case company achieved considerable success by listening to
customers, developing and managing diverse professional relationships,
following changes in the business environment, and securing access to
key resources (both capital and human). The company secured access to
critical resources by investing in the development of strategic
relationships. They also further developed its existing resources and
continuously developed the platform for new building projects.

The qualitative meta-analysis revealed that a universally accepted
definition of technology comprises three constructs: product, process
and knowledge. Interestingly, these are the same constructs that
comprise an industrialized house-building platform. The contribution of
Paper 3 was that an industrialized house-building platform should be
considered a technology that can be transferred between either two
construction companies or a construction company and a company from
another industry. This implies that technology transfer will be an
essential part of future business models, as well as a way to gain
competitive advantage through market disruption.
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5. Findings
In this chapter, the findings are described and the research question addressed.

The purpose of this research was to increase the understanding of IHB
companies from a RBV by exploring the long-term development of a
Swedish industrial house-building company and how it used and
managed resources. Therefore, one research question were posed to
guide the exploratory investigations undertaken. First, the findings from
the synthesis are presented, and in conjunction with the individual
findings from the appended papers addressing the research question by
characterizing the IHB company using four constructs and how the IHB
company have used and managed resources.

The main findings are summarized below;

5.1.Empirical data in the ‘big picture’

The synthesis and explanation of empirical data is described in Table 4.
The first four rows in the table include details of the study settings and
research design of the respective paper. These methodological details are
essential contextual information for the synthesis (Timulak, 2009). From
the fifth row onwards, each row shows key concepts and the focus of the
papers. The terminology used in labeling the rows is a concept closely
related to the different applications of theories used in the papers. The
last two rows show the main theoretical view and constructs that arose
from each paper.

Table 4. Determining how the studies are related.

Methods and Paper 1. Paper 2. Paper 3.

concepts

Sample Industrialized Industrialized Industrialized
house-building  house-building  house-building
company company company,
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Data collection

(See Table 2)

Setting
Context

Resources

Resource
employment
approach
Manage
resources

Focus

Application of
theories
Characteristics

Underlying
Theory

6 interviews
with top
management
and archival
data

Corporate level
Swedish house-
building market
Tangible/
intangible
Reactive

Sensing, seizing
and reconfigure

The build-up of
corporate
resources in an
industrialized
house-building
company

DC

Standardization,
long-term
partnership,
value-chain
integration, long-
term
commitment
(RBV), Strategic
management,
microeconomics

8 interviews
with top
management,
along with
academic and
archival data
Corporate level
Swedish house-
building market
Tangible/
intangible
Proactive

Proactive, risk

Historical
development of
an industrialized
house-building
company

EO and PD

Autonomy,
innovation, risk-
taking,
proactiveness,
competitive
aggressiveness

(RBV), Strategic
management,
microeconomics

subsidiary,
foreign company
14 interviews
with top along
with academic
and archival
data, and
literature review
Corporate level
Swedish house-
building market
Tangible/
intangible
Active

Transfer,
platform,
relationship
TT in an
industrialized
house-building
company

TT

Partnership,
long-term
commitment,
standardization

(RBV), Strategic
management,
microeconomics
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As summarized in Table 4, the underlying theory on which all the papers
were indirectly based are streams from microeconomics and the work of
Schumpeter (1942). Therefore, all constructs are in one way or another
connected. Consequently, the common theoretical ground for the
constructs points to the possibility of common interpretations, which
helps in characterizing an IHB company and drawing the ‘big picture’.
Each construct helps to provides insights into how different resources
could be managed and used and how these concepts are seen as part of
the bigger picture (Figure 3). Table 4 also show that one construct alone
may not be an explanation for company success, as there are other
constructs that also factors.

There are, of course, differences (how resources are managed and used),
but the core concept of a resource has a unified understanding and is
defined as either being tangible (i.e. physical products, plants,
equipment, and financial) or intangible (i.e. patents, licenses, contracts,
tacit knowledge, and skills). This implies that there are contingencies that
need to be accounted for, and that company success ‘depends’ on
contextual aspects that need to be taken into consideration. Just as a
reminder, the purpose of this ’synthesis” was not to produce a consensus
but a means by which to form a whole by putting parts together to build
a 'big picture” and that is the conceptual characterization of a Swedish
IHB company (Figure 3).

RQ: How can one Swedish IHB company be characterized from the
perspectives of managing resources in a temporal view and of EO, DC,
PD, and TT?

The studied IHB company can be characterized from two perspectives;
Firstly, by using four constructs: entrepreneurial orientation (EO), path
dependency (PD), dynamic capability (DC) and technology transfer (TT)
and secondly how the IHB company have used and managed resources.
Findings are conceptualized in Figure 3.
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Resource-based view

Entrepreneurial
orientation

Proactiveness
Risk-taking

Use and
managing
resources

Dynamic
capabilities

Based on
historical
preference
Sense
Seize
Reconfigure

Cumulative
build-up of
corporate
resources

Transfer
Relationship
Platform

Technology
transfer

Exploit and
explore THB
platform

Figure 3. Characterization of a Swedish IHB company

The company studied can be characterized as exhibiting EO. It is
autonomous as it acted independently when faced with harsh competition
and market turbulence. It is innovative, as it completely changed its
business model from project-based to process-based building, thus
challenging traditional construction companies. It is risk-taking, as it
changed its way of working and moved production into a factory. In
addition to stopping using existing technologies and current practices, it
sought to bring a new product to market while investing heavily in
production facilities and technology. The IHB company also displayed
proactiveness by being one of the first to offer wooden modular buildings.
This required its managers to rethink their business model to create
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demand because customers were unfamiliar with products of the type
they were offering. The company demonstrated competitive aggressiveness
as it identified a common problem in traditional construction (the long
drying time of traditional concrete buildings), and used that to argue
strongly for the added value of their product, adopting unconventional
tactics to challenge industry leaders. The product's introduction allowed
customers to acquire high-quality turnkey wood-based modules that can
be assembled on-site much more quickly than a traditional building
project can be completed. Therefore, the customer can sell or rent
apartments much more rapidly, generating revenue earlier than would
otherwise have been possible.

This IHB company can also be characterized through the DC lens, which
indicates that it gradually built up corporate resources in four strategic
directions. The first was standardization of components, which happened
gradually over time through systematic and incremental development.
The second direction, value chain integration and standardization of
processes, is reflected in the company's product platform, and is the result
of developments in standardized components and process
standardization. A number of capabilities were exploited on a corporate
level, involving long-term agreements with stakeholders and the
acquisition of complementary and critical resources. The third strategy
direction was managing relationships towards a new business model. This
involved developing building specifications that both suited the
platform and met client requirements, successively building long-term
partnerships, as well as focusing on cooperation with different
stakeholders. The fourth strategy direction was exploring lean to renew the
corporate culture. This involved collaboration and cross-industry learning
through the exploration of lean thinking and ideas, and increasing
standardization and employee loyalty. Top management were involved
in this strategy.

As a result, the IHB company uses and manages resources mostly
through standardization, manifested in the four strategic directions.
Standardization has gradually continued over time as small
developments, where components have been incrementally and
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systematically developed in several explorative and exploitative steps.
The early build-up of knowledge involved the systematic use of the
platform to explore it and exploit experience feedback.

By moving to an off-site manufacturing strategy, the company focused
on standardization of components and preassembled modules in a
predefined platform. A turning point for the standardization work was
the curiosity to learn from experts and move to an off-site manufacturing
strategy. At the time (late 1990, early 2000), there were not many
organizations to compare to in the building industry (in Sweden). So, the
company started collaborating with companies who were familiar with
off-site  manufacturing strategy. These were car manufacturing
companies (Scania, Volvo, and Toyota). Currently, in 2020, we know that
manufacturing principles derived from the car industry have
successfully produced attractive, customized, and affordable homes
(Gann, 1996).

Another example of how the company exploited and explored resources,
through sense, seize and reconfigure, was how the corporate
management sensed the changes in the Swedish building regulations
and exploited the emergent opportunities to construct multi-storey
timber houses. They seized resources to exploit that opportunity by
moving most construction activities into a factory and reconfiguring
operations. A case of how the company used and managed resources was
the R&D collaboration with the local university. It shows how the IHB
company strategically, but often with small steps, discovered and
explored technological opportunities. The company sensed that it should
invest in an enterprise resource planning (ERP) system to utilize
resources efficiently. It seized resources together with the local university
to find and implement a suitable ERP system. However, after trying to
implement such a system for a year, the company understood that the
system was not flexible enough to support their business. Therefore, the
company started to develop its own system and reconfigured resources
to establish a fit between the system and the business.
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The company can also be characterized by looking through a TT lens.
This shows that the company relied on a platform which might be
transferrable. It has developed one strong core competence as a
competitive advantage - experience in industrialized building,
organized into a product platform. The development of strong
relationships between different stakeholders promoted trust that helps
with TT. The company is willing to share its technology and knowledge,
and is willing to help other organizations understand this newly-gained
knowledge. Co-development, collaboration, and strategic partnering are
also characteristics found in this IHB company, and have a lot to do with
the strong collaboration (co-development of the IHB) with the local
university, a collaboration which started in the early 1990s. Finally,
minimizing company boundaries and barriers through ownership is a
feature of this IHB company. One example is how the IHB company used
and managed resources through TT, by exploiting and exploring the IHB
platform. The company came to terms with the idea that they could sell
their technology. In this way, they have used their resources to build an
IHB platform. Yet again, the corporate management sensed the
opportunity to transfer their technology. They seized the opportunity by
starting a collaboration with a foreign company to 'benchmark' the IHB
platform in another market. The platform could be reconfigured later to
'fit' other markets.

PD is reflected by the strong position occupied by traditional concrete
builders in the construction industry, and the industry's limited
experience with collaborative networks and multi-actor construction
projects. Both of these formed significant barriers to this IHB company to
increase its market share and promote wooden multi-story construction.
An illustration of internal PD was the decision to move to volume
production, influencing the company’s strategy. This decision created
company boundaries that gave rise to a clear focus and goal. As the
company invested in building a factory, it was obliged to either maintain
production at the factory or fail to recoup its investment. In other words,
past decisions locked the organization into pathways that constrained its
future choices and ability to respond to change.
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Thus, PD influenced EO in the same way that the company’s history (its
founders were building contractors) has influenced how it works with
customers. As an entrepreneurial company, it has focused on fulfilling
customers' needs and keeping its employees loyal. PD also influences DC
as the way in which the latter are built up is very much affected by the
former. Thus, the four strategic directions influence one another. PD has
also affected TT, as the IHB platform to be transferred has been
developed resembling the development of DC, and is thus influenced by
the company’s PD, and past decisions.

How the IHB company use and manage resource can be summarized as;

EO might have a more proactive, long-term, and involving risk-taking
on using and managing resources. DC might be more reactive
(addressing different aspects of change as it happens), explore and
exploit, using the idea of sense, seize, and reconfigure when using and
managing resource. TT could be expressed as an active process were the
IHB company exploit and explore the IHB platform, through building
relationship with different parties.

5.1.1. Reflection on findings

Taken together, what can be seen in the ‘big picture’ is that all the
different constructs might actually have more than just their theoretical
background in common, as shown in Table 4. An interpretation of this
Swedish IHB company’s characterization is that it wanted to control its
future. Three of the constructs, as shown in Figure 3 (gray arrows) may
help to minimize PD. EO, which encapsulates proactiveness and
thinking ahead, seems to minimize external and internal changes, by the
company being autonomous, believing in itself, and being innovative by
adopting process-based building (including standardization). Internal
PD appears to be influenced by DC, through the standardization of
components, value chain integration and standardization of processes.
Thus, the reasoning behind these strategic directions might have been to
manage short-term changes and resource exploitation. Managing
relationships to develop a new business model whilst exploring lean
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techniques to renew the corporate culture both deal with long-term
changes in building exploration capability, as well as long-term market
position developed through bidding for, setting-up, and reconfiguring,
long-term contracts. TT influences external PD by minimizing market-
dependent disruption (i.e. selling technology instead of buildings), and
internal PD by evening out the flow of products using multiple
manufacturing plants.

The broad influence of PD on the company is also an interesting point to
examine. Maybe the success of any company lies in how it handles PD.
As shown in Figure 3, just focusing on one construct alone may not be
sufficient for long-term success, and handling the changes caused by PD
means that resources must be managed and used differently. Penrose
(1959) argued that long-term competitive advantage and performance
depended on the diverse resources available to the company. The ‘big
picture’ implicitly indicates that an IHB company displays various
tangible and intangible resources behind the different constructs. By
taking advantage of the opportunities provided by the EO, DC and TT
constructs, an IHB company might manage the changes caused by PD
and therefore, might grow to be successful.

Gann (1996) described how Japanese industrialized housing producers
have learned from other manufacturing processes to serve a wide range
of customers through managing resources in the whole production
system, from supply-chain management to factory production, sales, and
on-site construction. It can be achieved by balancing the use of standard
components with flexibility in assembly, instead of optimizing control in
separate parts of the production system (ibid). In retrospect, the Swedish
IHB company has followed a similar path to their Japanese IHB
producers in using and managing resources. By using standardization as
a base for developing their platform, the Swedish IHB company has
gradually built a collection of resources that have been developed, used,
and managed to explore and exploit, using the idea of sense, seize, and
reconfigure. Much like Toyota (Gann, 1996), the Swedish IHB company’s
tactic of learning from manufacturing resulted in new approaches to the
organization of production, the use of factories, management of
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resources, quality control, and relationships between producers and
customers. The company has built its business on the provision of
specialized management skills and resources, which mirrors Gann'’s
(1996) observations of Japanese industrialized housing companies
collected over many years.

Elaborating on that idea, the company seems to have built and managed
their resources and capabilities in a sequence that greatly resembles the
sand cone model (e.g. Ferdows and De Meyer, 1990), where company
performance is cumulative and sequential, with quality performance
forming the foundation. However, widely researched in manufacturing
industries, Olhager (2003) argued that companies using similar
production strategies as construction companies build their operations
on design, speed and flexibility. Later, Hallgren et al. (2011) showed that
the basis for building competitive capabilities in companies are quality
and delivery speed and thereafter companies producing low-volume
customized products builds flexibility.

The company moved to off-site manufacturing, standardized its
components into a predefined platform, and systematically used
building projects to develop the platform. This implied a focus on
working towards managing internal changes within the company to
increase resource utilization. For improvements in the other strategic
directions, managing internal changes should be considered first. Only
when internal changes are at an acceptable level might the company start
to focus on the whole supply chain by acquiring complementary
resources and key resources through long-term contracts. Closing long-
term agreements with stakeholders and developing support tools for
engineering and manufacturing processes focuses on managing changes
in the whole supply chain. Once such efforts have made the whole
operation more efficient, building relationship-based cooperation
through client relationships and client requirements can begin. Finally,
the company can start refining, reconfiguring, and continuously
improving its whole operation.
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All this handling of change, in the end, means that the company could
manage and utilize the different resources in a more efficient way, and
there was no need to use resources to handle uncertainties caused by
changes. While this IHB company built its strategy in sequence through
small steps of exploit and explore, this might be contingent on other
factors i.e. the best sequence could change based on, for example,
country, industry, and the companies involved (Schroeder et al., 2011).
This may merit further research.

5.2.Recommendations from the findings

What can companies do to introduce IHB?

As shown in Paper 2, if a construction company (or a company in
general) wants to move towards a more IHB-like operation, it should
learn from its past somehow. This implies that it should, in some way,
break its PD and do this as efficiently as possible. Papers 1 and 2
elaborated this further by showing that the company should be
committed to change and acknowledge the risks involved. This means
that the company should commit time, resources, and finance to what is
an uncertain outcome. However, done correctly, the potential for success
could be positive as it opens up the opportunity to trade in a new way,
as discussed in Paper 3, that is, a positive pay-back through investments
and TT. PD can be overcome with the appropriate actions and use of
resources.

There are two recommendations that emerge from the answer of the
research question. The first is that building DC might be an approach for
new companies to take, and for established IHB companies to take to
continue to develop IHB. The second is the opportunity to engage in TT.

Building dynamic capabilities may facilitate and shorten the time to
implement IHB. As shown in Papers 1 and 2, it took almost two decades
for the case company to reach the point where IHB could be seen as a
competitive advantage. By successively, over time, sensing, seizing and
reconfiguring company resources, it was possible to sustain long-term
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competitiveness by developing dynamic capabilities for standardization
of components, value chain integration and standardization of processes.
This involved managing relationships to promote a new business model
by exploring lean to renew the corporate culture. The lesson learned from
this particular case is that a focus on building and developing (context-
dependent, in this case, house-building) dynamic capabilities may have
reduced the time it take to incorporate and develop IHB platforms.

Companies could engage in TT with an established IHB company and
gain IHB competence faster. The findings from Paper 3 show that
companies interested in implementing the IHB platform strategy
through TT should consider the following ‘guidelines’:

e The chosen technology, along with its implementation (in this
case, the IHB platform), should be thoroughly developed and
tested to reach a certain maturity level and maybe even achieve
acceptance in the market. Technology is generally a collection of
related constructs that should be handled as a whole.

e The receiving company should build a strong relationship based
on trust with the technology provider. The relationship (i.e.
shared values) between the provider and receiver was seen in this
research to drive the decision to participate in TT.

¢ The study showed that the involved parties worked to minimize
organizational boundaries, evidenced by the interest of the
receiving company in selling a share of itself to the sender to build
a partnership.

5.2.1. Reflection on recommendations

At the beginning, the company managed resources mainly through its
EO approach. By being innovative, proactive, and taking significant
risks, they could begin their journey towards being a successful IHB
company. As their operational platform matured through close
collaboration with key partners, the company could minimize many
risks associated with house-building. Therefore, the focus gradually
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turned towards sensing, seizing, and reconfiguring resources. The
platform's further development meant that components, processes,
knowledge and relationships were standardized, making it possible to
talk of the IHB platform as a technology. As this technology consists of
tangible and intangible resources, the IHB company could use and
manage TT resources, an innovative approach in a house-building
context.

As described by Penrose (1959), this study shows that the long-term
business performance of a company is not about what resources the
company has, but how they are used. She argued that the most successful
and longest-standing companies were those that could expand by
developing and taking advantage of the opportunities provided by their
capabilities or resources. This research showed how an IHB company
used its built-up capabilities and resources to expand into new markets
and build an entirely new business (the TT business).

To expand, a company needs to take risks, innovate, and have a forward-
looking focus, which defines an EO. In a way, all of these are learned
abilities/skills and knowledge (intangible resources). Thus, as described
by Grande et al. (2011), EO can be seen as an essential resource in its own
right, pivotal to breaking PD. Consequently, might be the most valuable
resource this company has.

If the company have EO and DC, they can overcome PD. But the
resources must still be available for implementation. In addition, if the
company have EO and DC, they can also a) sell the platform for the core
competence is not in the platform but in the ability to develop their
resources b) buy the resources and put them into use.

Teece (2010) claimed that if a resource can be employed through transfer
from one context to another, it can potentially yield more value.
However, the drawback is that if it can be transferred, it can copied and
thereby fall into the hands of a competitor (ibid). This topic will be
further elaborated in the chapter on how this business opportunity might
affect the industry.
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6. Implications and further research

In the final chapter possible implications from the research are discussed and put
into a wider perspective, ending with future research and direction.

The findings are interesting by themselves, however putting these
findings into a broader perspective will express how this study can affect
future IHB research from three different perspectives. First, in the
scientific implications section, the discussion is focused on the four
constructs in the IHB context. Second, in the industry implications
section, the discussion focuses on company-level; what do the
implications mean for an IHB company? Lastly, implications from a
global perspective discusses IHB companies' potential for international
expansion and build a business through TT to meet global expectations
for more sustainable and resource-efficient house-builders.

6.1.Scientific implications

Lessing (2015) explained that constructs in IHB are interrelated. They
require systematic integration in order to establish production systems,
and be structured for continuous production of buildings, aimed at
specific market segments and product ranges. The constructs
investigated in this thesis are also interrelated, defining what production
system can be established, how to change the production system, and
how the production system evolves. Also, they show what actions need
to be taken, and what resources and capabilities an IHB company might
need to have when targeting a particular market segment and product
range. All the constructs presented in this thesis are aimed at giving a
broader picture of how companies (both non-construction and
construction) could embrace an industrialized way of working. It also
provides a tool for IHB companies wanting to work in international
markets, showing, that by TT, there are ways to profit from the
investments made in the IHB platform.
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Observations made in this study also seem to support what Powell (1992)
described as organizational alignment. Throughout the evolution of the
IHB company, it was seen that the company has actively sought to align
the organization and work with a common goal. Overcoming PD by
adhering to their strategy of implementing IHB and building dynamic
capabilities can be seen as organizational alignment. Using their EO, the
company could build organizational skills to benefit from their
experience and identify and seize new opportunities to build dynamic
capabilities. In the literature, DC is also referred to as an organizational
ability to be ambidextrous (O’Reilly and Tushman, 2011), that is, the
ability to be aligned and efficient in its management of current business
demands as well as being able to cope with changes in market conditions
at the same time (Duncan, 1976).

As discussed earlier, long-term strategic work carried out in the
company can be seen throughout the whole organization. The work
relating to TT also supports this, and platform development is strongly
connected to the alignment of the organization. It seems that the core of
this is the development of the product for a specific niche market
segment, instead of trying to sell more general products across the whole
market. However, this may seem one step removed from the RBV, as it
can be interpreted as being organizational theory. The key here is that
Powell (1992) described organizational alignments as a reflection of a
company's integrative capacity. He meant by this that organizational
skill could be seen as a strategic resource, one that generates supernormal
profits, and thereby constitutes a source of sustainable competitive
advantage. As described in research by Barney (1991), from a business-
level resource view, the case company shows signs that their sustained
competitive advantage is a consequence of their organizational
resources, which indicates that these are valuable, rare and difficult-to-
imitate. If this is the case, organizational alignment, as with the use of
platform strategy, seems to promote scalability and therefore make
investment in IHB companies attractive.
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6.2.Industry implications

What are the implications of this research at a company-level and what
do they mean for an IHB company? Profit is not the only driving force
behind entrepreneurial efforts for organization and innovation, as there
are greater and more common attributes behind the achievements and
innovations. Public acclamation is gained through engagement with
social welfare, and by helping people and the community. As pointed
out in Paper 3, perhaps this could be traced back to the welfare states of
the Nordic countries, where affordable quality housing is a fundamental
right, and therefore could reflect the behavior of the case company.
Innovative entrepreneurs, as such, are changing the pattern of
production by exploiting new technologies to produce a new product or,
as described here, producing an old one in a new way. They are, thus,
opening up new supply chains and new outlets for their products, and
reorganizing the house-building industry. One might say that the
company has almost gained a monopolistic position, which implies,
agreeing with the views of most economists, that achieving a monopoly
is a reward for their innovation. Therefore, to maintain this market
position, the company has to keep its production processes secret, protect
their trademarks, and obtain patents. One way, as discussed in Paper 1,
is to accumulate higher-order dynamic capabilities, as these are difficult
to imitate and explain the sustained competitive advantage of an IHB
company. Schumpeter (1942) pointed out that, especially in conditions
that may change at any moment in response to new products and
technologies, companies should rely on protection policies to secure the
investments made in the company. Therefore, patents, temporary
secrecy around processes or, in some cases, long-period contracts
become significant.

IHB strategy means that companies should move from their usual local
markets, as investments made in their platform narrow the customer
base. As described by Penrose (1959), company growth starts when the
company make investments in a set of resources to serve its primary
market. Following an IHB strategy means that, as the company grows, it
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cannot entirely utilize the full potential of the primary market (i.e. as
discussed before, investments made in the platform force the IHB
company to adopt a different strategy compared to traditional
construction companies). Profitable opportunities exist when an IHB
company uses its resources in new markets.

IHB is a strategy that enables the efficient utilization of resources through
economies of scale and scope. To exploit the full potential of scale and
scope, investment in production facilities to gain these advantages is not
enough: a company must also invest in marketing and management. If
this is successful, Chandler (1990) argued that these companies quickly
became industry leaders. The outcome from the cumulative learning of
the case company created dynamic capabilities that became powerful
barriers to new entrants. The dynamic capabilities account for the long-
term permanence of income over time. The combination of profit and
dynamic capabilities became the basis for their continued growth.

6.3.Global implications

Building companies traditionally operate in domestic markets, with
resource-based products forming their core offerings (Lessing, 2015).
IHB companies use a platform designed for repetitive, standardized
processes in design, production and their supply chain (e.g. Jansson et
al.,, 2014; Brege et al., 2014). Lessing (2015) concluded that this provides
IHB companies potential for expansion by increasing production
volumes of products aimed at new markets, or duplicating and adapting
their business models to additional markets, and establishing new
production systems and supply networks. Thus, HB companies could
build up an export industry around industrialized construction in wood
(Brege et al., 2017)

As described in Paper 3, there is also a possibility of expansion through
TT, with the goal of duplicating and adapting their business models in
additional markets, so as to necessitate an increase in production
volumes. This research has shown that, through TT, expansion is
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possible both domestically and internationally in the house-building
industry, as described by Kogut and Zander (1993).

As illustrated in Paper 1 and discussed in Papers 2 and 3, a company can
be constrained by its history, affecting its future decisions. Also, Paper 1
described how companies with a history unrelated to house-building
could not simply buy-in technology to start IHB. They need to possess
the dynamic capabilities to be able to exploit and reconfigure IHB-
specific resources (such as a product platform, process standardization
and production resources).

Paper 3 explicitly showed that different levels of technology complexity
require a different degree of organizational interaction (e.g.
communication between the sender and the receiver). Furthermore,
Paper 3 showed that it might be easier to transfer technology to a new
market if the receiving company is entirely new, without the burden of
its history, as discussed in Paper 2 and illustrated in Paper 1.

Mirroring the global interest in industrialization, there is potential for an
IHB company to build a business through TT and help meet the global
expectation for a more sustainable and resource-efficient industry. This
also resonates at a national level, where many countries have an open
agenda to welcome international competition, in order to deal with the
low productivity associated with domestic industries. In this sense, this
is a double-edged sword. The cumulative build-up of resources into a
platform produces new business opportunities that IHB companies can
turn into a competitive advantage over traditional construction
companies. What seems to be a stable market can, in the future, become
very turbulent due to the behavior of IHB companies.

There is already a new breed of players entering the global market,
disrupting current business models. Japanese conglomerate Softbank
Group has heavily invested (in total ca. $ 1.1 billion) in Katerra, a
company that combines knowledge of market disruption and scaling
from other industries and applies it to the construction industry.
Amazon has invested in Plant Prefab, a building company focusing on
smart home technology and sustainable construction, that is planning to
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use automation to build their prefabricated single and multi-family
houses quicker, and at lower cost. Alphabet Inc. (owners of Google) has
invested in Sidewalk Labs, a building company with the intention of
building mass-produced, timber high-rise buildings by creating a
modular system that is cheaper and faster to produce than concrete or
steel. These are a few of the new technology-based companies taking an
interest in the construction industry and industrialization of house-
building.

Also, as shown in Paper 1, a company may become a successful and
competitive IHB company by sensing, seizing and reconfiguring its
corporate resources. For the studied IHB company, this took 25 years. If
the United Nations’ (2018) fears of intensified urbanization and rapidly
changing global economic landscape are correct, there is pressure to
accelerate the change to industrialized housing production methods.
Simply put, 25 years is too long to wait.

6.4.Future research and direction

As discussed earlier, while this IHB company builds its strategic
directions in sequence through small steps of exploit and explore, there
might be contingency effects operating. Therefore, an important
objective for future research will be to examine other IHB companies to
broaden the understanding of building a successful IHB company and if
these companies also display exponential build-up of dynamic
capabilities. Because the sequence in this study was stated in terms of
building cumulative resources over time, it is logical to examine other
IHB companies with longitudinal data. Building an understanding of
how companies should build corporate resources for long-term success
might, in the long run, help companies to transform to be more resource
efficient.

Another venue for further research is how construction companies could
respond what could be termed as an emerging threat of new companies
entering the construction market. Echoing with the previous research
directions, one way of responding to the competition is through
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developing DC. However, there is still much research to be done in this
field, as we still do not know if DC can be transferred and can established
construction companies build DCs that promote uptake of IHB?
Therefore, future research should also seek to explain if there is a
connection between PD and DC in a non-IHB setting and how DC
supporting IHB up-take could be built despite PD.
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Abstract

Purpose — To further the understanding of industrialised house building (IHB) from a temporal, emergent
corporate-ability perspective, this study aims to trace the build-up of corporate assets in an IHB company over
time. The research draws on dynamic capabilities, acknowledging not only what assets the company have
developed and currently are exploiting, but also how these assets were develop and managed (i.e. enhanced,
combined, protected and potentially reconfigured) to sustain long-term competitiveness.

Design/methodology/approach — A case study design was used to form a narrative that covers the
evolution of an [HB company over a 25-year period. Corporate archival material, analysis of original data from a
large number of research studies during 1993-2013 and retrospective reflections of owners and managers,
including crosschecking interpretations of archival material, developed and triangulated the narrative.

Findings — The study presents rich empirical findings on the build-up of corporate assets. Starting from a
successive process of exploration and exploitation formation of dynamic capabilities eventually played out
into an exponential dynamic capability build-up. The THB case company displays the ability to not only
continuously exploit and renew resources and competences, but also to sense, seize and reconfigure
cumulative assets over time. The exponential development of dynamic capabilities resonates to literature on
higher-order dynamic capabilities implying that: the accumulated and higher-order dynamic capabilities are
difficult to imitate and a (any) company must possess higher-order dynamic capabilities to be able to exploit
and/or take up IHB.

Originality/value — The study is complementing and potentially challenging frequent framings of the [HB
concept. Previous research has addressed and characterised [HB mainly by encapsulating a moment in time
and, thus, characteristics are momentary and represent static views on IHB. However, IHB has seen a strong
development over the past 25 years, and the study reflects on this development from the perspective of one of
the IHB-forerunner companies in Sweden. By exploring from a company perspective the developments,
reconfiguration and capacity to develop/reconfigure over time in a changing environment, the study
introduces an alternative understanding of IHB as dynamic capabilities.

Keywords Dynamic capabilities, Exploration, Exploitation, Industrialized house building, Seize, Sense
Paper type Research paper

Introduction

Until the early years of the present century, an industrialised house building (IHB) was
typically framed by prefabrication and technology standardisation developed during the
1960s. Mass production (Goodier and Gibb, 2007) and technology-based definitions (Pan and
Goodier, 2012) were, and still are, at the core of the concept. As described and exemplified by
Lessing et al. (2015), Sweden has seen a long history of IHB, with an exceptionally strong
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development since the mid-2000s. Steps towards explaining how Swedish THB companies
operate in relation to company strategy and how resources are dynamically used have been
explored by researchers adopting a business model perspective (Brege et al., 2014). The
theorising in the business model view is mainly based on the notion of strategic fit. Research
grounded in this notion typically addresses how current sets of company assets (including
resources and competences) are used in response to external demands striving for long-term
survival and competitive advantage. However, it is noted that IHB research has rarely
recognised how these corporate assets have been built up over time to develop and sustain
competitiveness in a changing business environment. In consequence of a lack in temporal
approaches, elaborations in relation to IHB on, e.g. strategies, business models and
subsequently exploited assets, have typically been based on comparing companies at
specific points in time rather than on long-term developments within single companies.
Subsequently, though generally having received increasing scholarly interest (Lynch, 2019),
the concept of dynamic capabilities (Teece ef al, 1997) does not seem to been openly
acknowledged within the IHB research.

With the intention of complementing technology-based views and business model views
of THB, the overall purpose of the research presented in this paper is to further the
understanding of IHB from a temporal, emergent corporate perspective. More specifically,
the research traces the build-up of corporate assets in an IHB company over a period of
25 years. The study draws on the concept of dynamic capabilities, acknowledging not only
what assets the company have developed and currently are exploiting, but also how these
assets were developed and managed (i.e. enhanced, combined, protected and potentially
reconfigured, Teece, 2007) to sustain long-term competitiveness. On discussing the findings,
an alternative understanding of IHB is proposed, i.e. IHB as dynamic capabilities.

Theoretical starting points

Exploitation, exploration and dynamic capabilities

The resource-based view and research building on the concepts of exploration/exploitation
represent two streams of literature on dynamic capabilities. Both streams argue that
companies learn and adapt to shifting environmental contexts (March, 1991; Teece ef al,
1997; Zollo and Winter, 2002; Gibson and Birkinshaw, 2004). Teece et al. (1997) describe
dynamic capabilities as several processes and mechanisms that an organisation uses to
address changes in the business environment. The reasoning herein focus on long-term
development of abilities and assets and therefore more leans on the resource-based view of
Teece et al. (1997), compared to the reasoning in, e.g. Zollo and Winter (2002), with a base in
learning mechanisms. The concept of dynamic capabilities was defined by Teece et al. (1997
p. 516) as “the firm’s ability to integrate, build, and reconfigure internal and external
competences to address rapidly changing environments”. Teece (2007) has further proposed
that dynamic capabilities for analytical purposes can be disaggregated into “the capacity:

* To sense and shape opportunities and threats;
¢ To seize opportunities; and

* To maintain competitiveness through enhancing, combining, protecting, and, when
necessary, reconfiguring the business enterprise’s intangible and tangible assets”
(Teece, 2007, p. 1319).

Exploration implies that company behaviour is characterised by search, discovery,
experimentation, risk-taking and innovation, whereas exploitation is characterised by



refinement, implementation, efficiency and selection (March, 1991; Teece et al, 1997; Gibson
and Birkinshaw, 2004). Similarly, from a dynamic capabilities perspective:

e sensing is broadly about the identification and assessment of an opportunity.
Sensing encapsulates an entrepreneurial set of managerial activities that includes
exploring technological opportunities, identifying new markets and listening to
customers recognising “hidden” demand (Teece, 2007; O'Reilly and Tushman, 2011);

* seizing implies the mobilisation of resources to exploit the opportunity. Seizing
includes managerial activities to secure access to capital and human resources,
motivate employees and build strong relationships with stakeholders and customers
(Teece, 2007; O'Reilly and Tushman, 2011). Important capability building, therefore,
includes decision-making skills with regard to exploiting existing knowledge or
technologies and exploring new knowledge or technologies; and

e yeconfiguring involves establishing mechanisms for new ways of organising and
redesigning business models (Teece, 2018). As noted by Davies and Brady (2000),
building reconfiguring capabilities is connected to the mitigation of inflexibilities
that develop over time from built-up assets and standard operating activities.

The influence of managerial actions and skills (Ambrosini and Bowman, 2009; Helfat et al,
2009; Teece, 2012) and a company’s strategic entrepreneurial orientation (Madsen, 2012)
have been proposed as particularly important in fostering dynamic capabilities. Research on
the creation and shaping of dynamic capabilities has particularly emphasised the
improvement of the architecture of company capabilities (Soderlund and Tell, 2009) and
managerial decision-making on the allocation of resources between exploration and
exploitation (Konlechner et al., 2018). Centring on learning mechanisms, Zollo and Winter
(2002) identify that ad hoc problem-solving is often the first step for companies in creating
dynamic capabilities. Codification of knowledge and standardised lessons learnt procedures
can serve ad hoc problem-solving as learning mechanisms (Konlechner ef al, 2018).
Therefore, Konlechner et al. (2018) argue that dynamic capabilities facilitate routinised and
purposeful change, and that creation of dynamic capabilities is based on deliberate efforts.

Characterisation of industrialised house building

The business logic of IHB has its backbone in standardisation, integration, continuity and pre-
definition characteristics noted as “different” by researchers such as Lessing et al (2015) in
comparison to the conventional business logic of house building construction characterised by
a strategic choice to emphasise flexibility over productivity as a source of competitive
advantage (Winch, 1998). The prevailing scientific reporting of what constitutes the assets of
IHB is, however, a characterisation defining IHB from a momentary perspective. Johnsson
(2013) defined IHB strategies in terms of how current core capabilities were used to operate a
production platform. In the same line, Jonsson and Rudberg (2014) classified IHB as a specific
production system and how the system currently in use could increase competitiveness for the
IHB company. Meiling et al. (2014) elaborated on how continuous improvements could be used
as an instrument to reduce sub-optimal production processes. Finally, Jansson et al (2014)
characterised an IHB platform by its currents use of a process of transforming customer
demands and requirements to design solutions that fit an IHB production system.

How IHB is dynamically developed and adapted to changing or different market
situations is, however, rarely found in the literature. Take up of offsite technology (Pan and
Goodier, 2012) and offsite technology implementation (Goulding ef al., 2014) are exceptions
and centred on UK developments. Goulding and Pour Rahimian (2020) suggest that the
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adoption of offsite manufacturing is “not for the faint hearted” because it requires the
collective action of the whole supply chain and radical thinking. From a business model
perspective, Lessing and Brege (2015) proposed that IHB companies can achieve competitive
advantage by adopting a structure that can manage both short-term exploitation of pre-
engineered solutions and long-term exploration by rearrangement of the processes,
technology and relations resources. Hook et al. (2015) and Lessing and Brege (2015) agree
that IHB business models are not static constructs; they have to evolve and change over
time, and business model progress is a fine-tuning process involving both intended and
emergent developments. In the same line, Uusitalo ef al (2017) indicate that [HB companies
address both exploitation and exploitation as a means to seize opportunities caused by long-
term variation or market changes.

Proposing a temporal dynamic approach to industrialised house building

Summarising the above, IHB is often described consisting of assets described as pre-selected
technical solutions, standardisation of component and processes and tools to support the day-
to-day business but also a distinct business logic. However, these assets are mostly described
as static snapshots of what IHB currently is. We argue that using a dynamic perspective could
complement the static explanations and provide a description of how IHB has evolved to
become these technology-based platforms and business models presented in the literature. The
argument that a temporal dimension can explain the emergence of dynamic capabilities has
been proposed by Soderlund and Tell (2009) who investigated how ASEA/ABB, over a period
of more than 50 years, developed their capabilities to execute projects. We infer that static
definitions of IHB based on identifications of momentary sets of assets do not address
fundamental matters of business, including how IHB can be related to the survival of the
company and the achieving and sustaining of long-term competitiveness. We propose that for
such matters, understanding IHB must include corporate abilities to integrate, manage and
reconfigure internal and external assets, i.e. the dynamic capabilities of the company.

Research design and methods

Teece et al. (1997) pointed out that the conceptualisation of dynamic capabilities remains
somewhat abstract and, thus, the resulting operationalisation is not straightforward.
Moreover, the operationalisation of dynamic capabilities is methodologically challenging
(Ambrosini and Bowman, 2009) mostly because of the difficulties associated with observing
and measuring these capabilities (Kraatz and Zajac, 2001). The study of managerial
dynamic capabilities is challenging because they are often tied to complex corporate
histories. Although managerial dynamic capabilities can to some extent be traced by using
large data sets, analysis based on in-depth qualitative research is encouraged (Danneels,
2010). Consequently, context-specific assessments of dynamic capabilities often rely on
exploratory and qualitative research (Easterby-Smith et al, 2009).

A case study allows the identification of complex causal relationships in the specific context
(Bennett and Elman, 2006). According to Siggelkow’s (2007) precepts for convincing case
studies, a single-case study design was considered suitable to address IHB from a temporal,
emergent corporate perspective and trace the build-up of corporate assets over time.

The criteria for case company selection were dependent on the following possibilities:

e toaccess data regarding assets developed and exploited by the company at different
points in time;

¢ toaccess data enabling for the creation of a company narrative from which strategic
directions of assets build-up can be assessed and how these assets were developed



and managed (i.e. enhanced, combined, protected and potentially reconfigured) over
time and in a specific and changing environment; and

* to facilitate for comparisons to be made between findings from the case study and
previous findings from IHB research.

First, the case company addressed, founded in 1924, is currently acknowledged in research
as well as by industry actors as a forerunner in the Swedish IHB sector. Second, the
empirical data forming a narrative for the research covers the evolution, over a 25-year
period, between the years 1993 and 2018. The year 1993 was chosen as a starting point
because the case company at that time made a radical explorative action to change their way
of working towards a more industrialised way. Access to corporate archival material to
support the build-up of the narrative included self-produced company narratives published
in 2009 by the company in print and video. Since 1997, company developments have also
been closely followed by one of the authors, including in particular several research studies
conducted between 2000 and 2013. The case company rationale for engaging in these studies
and the IHB directions explored (knowledge exploration/possibilities for exploitation) reflect
the company’s temporal IHB developments (Table 1). Access to research reports as well as
original data allowed for detailed descriptions of developments, acknowledging how these
developments were understood at the time of each study. A meta-analysis of research reports
also helped relating temporal findings to on-going (at that time) research debates in building
and construction management journals. There was also the possibility to further develop the
narrative with the retrospective reflections of owners and managers as well as the possibility to
cross-check interpretations of archival material with members of the company.

Construction and analysis of the narrative

The procedure for collecting, compiling and analysing the qualitative and temporal data
progressed through the development of the narrative, re-reading of the historical narrative,
followed by data reduction and coding (Miles ef al,, 1994). As data reduction and coding are
interpretive by nature, the analysis and coding process was carried out in five steps and
with the independent engagement of several researchers (i.e. the four authors of this paper).
The purpose was to enable for cross-analysing of results for concordance/disagreement,
including the use of triangulation investigators (Eisenhardt, 1989; Golafshani, 2003).

In Step 1, a first draft of the temporal narrative was put together by studying and
recapturing company archival data and material from research studies. The initial stepping
stone was the historical biography written by the case company in 2009 that included
several recorded interviews with previous and past CEOs, stakeholders from large
customers and public organisations. The biography describes in retrospect company
prioritisations and changes issued. The second part encompassed a meta-review of the
research studies, as the findings were presented in five PhD dissertations published between
the years 2004-2013. The theses include a temporal dimension with the result, analysis and
contributions covering, each, roughly a five-year period. Appended in the theses are also
peer-reviewed articles successively reporting on research findings.

In Step 2, further data collection included interviews conducted in 2018 based on a guide
with open-ended questions informed by the narrative created in the first step of data
collection. The purpose of the interviews was to enhance and validate the historical
narrative, and they were carried out with four senior personnel at the case company and a
recently established subsidiary company. This strategy adheres to recommendations by
Romney et al. (1986), where a small number of participants is justified when the interviewees
have deep insights into the question at hand. The chosen respondents all had insight into the
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Table 1.

Grounds for and THB
directions explored in
five PhD theses
between 2000 and
2013

IHB directions explored
Case company rationale for engaging  (knowledge exploration/possibilities Years
PhD thesis  inresearch for exploitation) covered
Bergstrom  Disturbances in production caused by~ Creating the fundamentals for 2000-2004
(2004) manufacturing two building systems;  component and process
a flexible and a standardised. Barriers  standardisation. Identification of the
in communication and cooperation need for stakeholder management
with different actors in the (caused by the predefined platform
construction process and the requirements) and growing insights for
mediating role for I'T support value chain management
Bjornfot Limited possibilities to deliver Supporting the developing value chain ~ 2002-2006
(2006) customer flexibility and upholding integration and identification of key
relationships with suppliers. Can external stakeholders. Search for
multi-storey timber housing support to standardise processes
production be improved through the through lean and discovering the
lean construction theory potential effects on lean on company
culture
Hook Lack of standardised work and of top ~ Continued search for explanationsand ~ 2004-2008
(2008) management strategies and employee  knowledge of how to adopt lean
loyalty to settled process strategies. thinking to fit the context and specifics
How can industrialised housing of the case company. Increasing
approach a lean culture awareness on the connection between
platform (internal efficiency) and
market (external effectiveness) towards
a reconfigured business model
Meiling How can continuous improvements be  Insights of need for fact-based 2006-2010
(2010) aligned to company visions and goals ~ knowledge to develop standardisation
(of both processes and components) as
well as in management of stakeholders.
The case company maturing has led to
research supported product
development to facilitate a reciprocal
business technical platform
enhancement
Jansson How can standardised engineering Rethinking the platform with respect to  2009-2013
(2013) design work be further systemised internal focus through growing lean

and developed over time into a
functional platform

awareness and external drivers by the
continuous market changes.
Structuring support for the platform
and for business model development

company’s history, the construction context and marketing and production operations to
provide a view of the implications outlined in the archival narrative. The CEO, responsible
for the construction organisation (part-owner), and the CEO for the developing organisation
both have first-hand knowledge stretching over 30years of experience from holding
different positions at the case company. The manager and the owner of the subsidiary
company both have more than ten years of experience with the case company as former
employees and customers. The interviews, each lasting about 1 h, were of a retrospective
nature as different events, actions and decisions in the company over the period were
reconstructed after the events have occurred. To minimise confirmation bias in respect to
the inherent knowledge gained from previous research (i.e. Table 1), the researcher who had



previously followed company developments during 1997-2013 did not participate during
interviews in Step 2.

In Step 3, initial data reduction of the historical narrative and initial coding were
performed by two researchers involving first an independent coding followed by
crosschecking and discussion. The coding aimed to identify exploitation and exploration
activities decisions for and Managerial activities, actions and decisions coded as exploration
and exploitation were based on Teece’s et al. (1997) and Teece (2007) sensing, seizing and
reconfiguration dynamic capabilities framework.

In Step 4, two triangulation investigators, including the researcher who had previously followed
company developments during 1997-2013 and an additional researcher who had not participated in
any of the forgoing data collection activities, independently examined the developed narrative and
initial coding. Identified gaps and inconsistencies in the narrative in comparison to the
interpretations made in Step 3 were addressed by further inventorying company narratives,
company archival data, metadata and original data from previous research studies. Also, the
research reports reporting on studies conducted at the case company (including PhD theses and
papers published in conference proceedings and international journals) acted as data sources.

In Step 5, the analysis was finalised by tracing build-up of in Table 1 corporate assets,
including also strategic directions of assets build-up. Strategic directions are here defined as
temporal clusters bracketed by a chronological series of small-step exploitations of
knowledge and explorations of new knowledge. This paper follows Konlechner et al. (2018)
on that dynamic capabilities-driven change is purposeful, can be routinised and can include
both radical change and/or incremental change. This definition of strategic directions
offered the researchers the opportunity to discover distinct changes or phases in the data
that were neither anticipated nor explicitly evident in the narrative nor outspoken by the
interviewees. To assess and build credibility, the researchers involved in Steps 1-4
independently reviewed, cross-checked, discussed and agreed on the final analysis.

The long-term build-up of corporate assets

This section presents the findings of how the case company built up corporate assets in the
sense of developing and managing (i.e. enhancing, combining and reconfiguring) the assets
represented in four strategic directions of the assets build-up.

The case company

The case company is an established, family-owned Swedish IHB company with more than
90 years of history. The company initially operated as a small sawmill in the 1920s. In 1948,
a contractor business was separated from the sawmilling business. The contractor business
developed into a branch producing detached (single-family) dwellings using prefabrication
and offsite manufacturing and a house-building contractor business. Up until 1992, the case
company operated both businesses much in the same way as other conventional
construction companies and single-family hose producers in Sweden. Nowadays, the case
company 1s exclusively producing wooden framed dwellings up to eight storeys using an
offsite production system for prefabrication of volumetric elements and an on-site
production system for the final building assembly. The volumetric elements are ready-made
in the factory that includes electricity, pipes, tiles, wall paints, wardrobes and bathroom and
kitchen interiors. Currently, the case company is organised as a group encompassing three
organisations; the construction company, the real-estate company and the developer that
identifies projects and customers. The case company has a history of building to own
balance, but since around 2005, the predominant volume consists of orders for external
customers. In 2017, a €100m investment decision was made to build a new factory that will
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triple capacity to about 2,400 housing units per year. The case company is classified as a
large-medium-size construction contractor (more than 450 employees). The case company
has an outspoken strategy for long-term survival “We are a family-owned business with
shareholders from the family and the fourth generation engaged. We aspire to be a long-
lasting company” (CEO Construction, 2018).

Standardisation of components

In the early 1990s and due to a recession, the Swedish house building market experienced a
crisis where many companies went bankrupt. In 1992, the case company lost almost half of
its customers and had to downsize from 100 employees to about 25. At the same time,
Sweden entered the European Union, and far-reaching regulatory changes were issued. The
new regulations opened up initiatives for building multi-storey timber houses:

We understood that the market would eventually recover in the metropolitan areas [. . .] and if we
wanted to compete in that market, we had to become more industrialised. Therefore, in 1992 we
decided to move most of the on-site construction work into a factory instead and started to
develop our platform for multi-story timber house construction. From 1994 until today, there have
not been many dramatic changes (CEO Developing, 2018).

To survive the recession, the case company exploited their present recourses and
competences as a producer of single-family dwellings using prefabrication. The exploitation
activities were to standardise components into a predefined platform but also to shift from
on-site construction to offsite manufacturing. The corporate management sensed the
changes in the Swedish building regulations and exploited the emergent opportunities to
construct multi-storey timber houses. The organising of the company was also changed,
now with standardisation of components at its core. This was demonstrated by decision-
making and seizing ability to exploit that opportunity by investments and recruitments
moving most of the construction activities into a factory, and thus, reconfiguring operations.

Since 1994, the company has manufactured, assembled and owned timber-framed multi-
storey dwellings. Through continuous use and exploitation of their predefined components,
the managers have sensed that the platform could increase house-building flexibility (layout
of houses, floor plans, etc.) by extending the predefinition in the platform, hence increasing
standardisation of building components. “The more standardised we become in our
technical solutions, the more flexible we can become in the products we delivered” (CEO
Developing, 2018).

Despite the advantages with an increased predefinition and standardised component, the
case company already from 1994 began to sense problems concerning building technology
issues and to factory production related to manufacturing of their predefined platform. From
around 1995, the case company approached the local university for help. This also spurred
research focusing specifically on IHB as a contemporary phenomenon. Starting in the late
1990s, the case company decided to actively search for new knowledge concerning building
technology and production-related problems together with researchers at the local
university. Early examples include the work presented in Bergstrom (2004), which showed
how the case company could address disturbances in production caused by parallel
manufacturing of a flexible and a standardised building system.

Up until 1996, the case company built everything for its real estate branch (build to own).
By their sensing ability (internally learning from own mistakes through the connection
between its real estate branch and manufacturing/construction branch), the company
management understood that building projects could be used to develop the platform
continuously. In small-step exploitations, the standardisation of components was



incrementally developed in subsequent projects, gradually refining the platform. This
process of platform development, ie. exploiting the current platform and exploring
opportunities for further development became even more systematised after 1996 when the
case company more and more directed production and business towards the open building
market. “Each time we competed with our platform, we made it a bit harder for ourselves
than it had been in our previous project” (CEO Developing, 2018).

During this period, the case company continuously refined its existing resources
and steadily developed the platform for new building projects, moving from the
standardisation of components towards standardisation of work and processes by
exploring how standardisation of components affected the manufacturing and factory
production. Exploration of new technologies was sought to seize opportunities with
continuous development. Meiling (2010) studied how errors in production affected the
quality of delivered houses based on theorising from learning organisations and
quality engineering. The case company seized findings and new knowledge by
implementing process control systems aiming for standardised manufacturing and
design processes.

Value chain integration and standardisation of processes

Back in 1996, when the initial platform was first used in building projects, more than 70% of
the resources were sub-contracted and procured on short-term project contracts. When the
platform (consisting more and more of predefined components) began to meet and interact
with suppliers, sub-contractors and architects, the interfaces between the case company and
those organisations were challenged. In response, the case company has since 2002 built its
exploration capability and long-term market position by bidding for, setting up and
reconfiguring long-term agreements with stakeholders ranging from architects and
contractors to different key suppliers. A milestone was a cooperation agreement with
Sweden’s largest property owner in 2002:

Five builders were chosen to sign a four-year contract, and we became one of them. At the same
time, we began to collaborate with a very good architect. These two things gave us a strong stage
for continued discussions with other customers (CEO Developing, 2018).

Exploration of new knowledge was again captured by sustained participation in research
projects. By the research presented by Bergstrom (2004), specific barriers in communication
and cooperation with different actors in the construction process were presented to the
corporate management who sensed the needs to build stronger relationships with key
stakeholders to reduce the amount of work being sub-contracted. However, following the
case company since 2002, Bjornfot (2006) had identified limitations of the possibilities to
deliver customer flexibility and upholding relationships with suppliers. Stemming from
these findings, two vehicles for supporting the renewing of the standardised platform
emerged: vertical and horizontal integration. Key resources came to be acquired through
long-term contracts and complementary resources. For example, architectural capacity and
engineering design abilities that had previously been provided by sub-contractors or
consultants were integrated into the case company. In several systematic processes of
consecutive sensing, seizing and reconfiguring managerial actions and decisions, changes in
the case company’s integration in the value chain was realised:

We nowadays use few sub-contractors in the factory or on-site. We do most of the engineering
work ourselves and the consultants that we hire — e.g. HVAC and plumbing — are stationed here
at the company (from the first part of the narrative, 2010).
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Gradually from 1996, the case company altered from exploiting existing resources in
building project (bidding for singular projects, use of sub-contracted workforce and short-
order material supply) to exploring the possibilities of supply chain integration (e.g.
focusing on a few strong customers and property owners), resulting in exploitation of these
long-term relationships. They thereby renewed and reconfigured existing competencies and
enhanced their capabilities through value chain integration.

Up until about the millennium shift, the case company mainly developed and operated
their standardised and predefined platform through explorations of manufacturing and
production advancements. Realisations, moving ahead from Meiling’s (2010) studies on
organisational learning supported by fact-based tools, were seized when the platform was
evolved to include not only components but also standardised processes and engineering
design abilities. Moving from exploring means to improve design efficiency using visual
planning, Jansson (2013) demonstrated how standardised engineering design work could be
systemised and developed over time into a platform consisting of both standardised
components and standardised processes. The case company seized this knowledge by
changing how the design work was organised and carried out adopting and developing
(in-house) support tools.

Managing relationships towards a new business model

Through the continued development of the standardisation of the sub-processes and
components in the platform, the case company achieved increases in production efficiency.
However, after 1996, the case company started to note market-related problems. Beginning
at that time, the case company experienced difficulties in, e.g. winning orders in the market
place. The clients’ building specifications and tenders did not fit the pre-engineered platform
specifications in ways allowing for further developments in that direction. However, the case
company sensed a possibility to exploit the platform specifications developed for design and
production to manage client relationships in sales. Subsequently, this was seized through
extending/reconfiguring the platform specifications. “We needed to seek out clients and
housing developers before they contacted consultants to tell them about our way of working
and the restrictions and benefits of our platform” (CEO Developing, 2018).

The platform specifications, as it turned out, did not only work as an instrument in the
early phase of sales/client communication but also came to function as a means to develop
the case company’s business model. The key to shifting what initially was a market
challenge into a business opportunity was to offer clients the benefits of predefinition by a
lesser use of resources in singular projects traditionally associated with building design.
This gradual fine-tuning and reconfiguring of the business model meant reduced costs for
the client to produce specifications and a shorter time from design to a completed building.
The case company seized new resources in sales to be able to contact and interact better
with potential developers and building clients, and above all, architects, as they were
identified as gatekeepers in the early process of developing house-building projects for the
customer. “For the whole 1990s and early 2000s, it was all about showing that this was a
better way of building” (CEO Developing, 2018).

By incorporating architects in the early design phase, the architects could adapt and
design a building acknowledging and making the best use of the case company’s production
requirements and potential benefit for clients. Ever since management sensed the
importance of architects, respected and influential architect companies had been crucial
strategic and long-term partners to the case company. Seizing the availability of key
resources was managed by building and maintaining strategic relationships with clients
and architects. To support the reconfiguring of the business model, the case company



employed a chief architect in 2016. Nowadays, the working method focuses on helping all
potential clients in developing building specifications that conform to both the platform and
client requirements.

The case company has not only worked to develop the platform internally but also to
develop an ability to explain and demonstrate the benefits to customers and other market
stakeholders. As the development of the platform has moved towards an increased degree of
integration in the value chain and towards new market offerings, the importance of
relationship management and stakeholder cooperation, including academia, clients and
actors in the construction process, have increased. “Even from the mid-1990s, there has been
a long-term plan in cooperation with the university. However, much of the cooperation has
come as a market requirement for our development” (CEO Developing, 2018).

Research and development (R&D) collaboration with the local university represents how
the case company strategically, but often in small steps, has discovered and explored
technological opportunities. The long-term plan includes actively formulating R&D tasks,
which can be understood as an example of a continuous sense-seize and reconfiguring
process. This collaboration has been taken to the point that the case company and university
currently (2020) share R&D personnel that work for the benefit of both organisations. An
example of exploration based on cooperation with researchers at the local university ending
in a reconfiguring of the business model in use was the creation of an affiliated company in
2015 producing bathroom pods; a development with its roots in the research work by
Meiling (2010), including also network activities and stakeholder identification activities
following upon the research itself.

Exploring lean practices to renew the corporate culture
“We wouldn’t be able to do this at all if we weren't a Lean organization” (CEO Construction,
2018). The lean concept was presented in 1990 through “the machine that changed the
world” (Womack et al, 1990), and in Sweden, the heavy trucks manufacturing company
Scania played an important role in introducing it. Gradually, lean thinking was brought to
the attention of construction companies through cross-industry collaborations and many
large national R&D programmes. The case company has explored lean thinking for almost
15 years, starting in focused sensing activities in 2002. Scania has been a close partner since
then. Managers at the case company were engaged in environmental scanning, R&D work
and industry collaboration with construction companies but also with manufacturing
companies. Knowledge was explored on how lean could, for example, facilitate for increased
factory output and productivity and how “lean companies” could meet varying customer
demands. Besides the exploration of methods and techniques through the already mentioned
research by Bergstrom (2004), Meiling (2010) and Bjornfot (2006), key insights were provided
from work by Hook (2008). She demonstrated that the lack of standardised work, top
management strategies and employee loyalty to settled production process strategies stood in
the way for the case company to approach a lean culture. Seizing the lean idea, the case
company decided in 2009 to enter a four-year lean implementation consultancy program with a
focus on increasing production capacity by 30%. Exploitations of developments stemming
from participating in the programme became discernible in 2014, including, automation of
several parts of the production line, improved quality of work and on-time deliveries.
Originating from developments in the early years of 2000, the case company came in
2013 to start talking explicitly about its corporate culture in terms of being a “lean culture”.
One salient example of how the case company has explored lean thinking and seized
opportunities was a reconfiguration of working methods to not only continuously improve
operations but to routinise learning as an explicit strategy. Moreover, the lean culture was
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Figure 1.

Four strategic
directions of
corporate assets
build-up (top) and the
successive process of
sensing, seizing and
reconfiguration of
assets (bottom)

increasingly rooted as the case company values evidenced in the way the case company
implemented, operated and changed the strategy, also influencing market relations:

In actual sales work, you cannot set up a Lean plan and say that now we treat the customer in this
way only. Instead, every customer and each project is unique. You do not do business with companies.
You do business with people. But, on the other hand, we feel confident because we have decided on a
standardised process already before signing the contract (CEO Developing, 2018).

Day-to-day exploitative work (e.g. winning project bids) is influenced by the forward-
looking (e.g. acquiring new digital tools for design automation) and backwards-planning
implementation of the long-term strategy. Sensing the needs for the forward-looking
scenario, renewing of present competences and changing/seizing of new competencies or
resources lead to sensing, seizing exploitation exploration circle in a continuous process. By
operationalisation of the acquired knowledge into this strategy, the case company
purposefully strived to change its corporate culture. The routinised use of capabilities
formulated in the company’s lean strategy is understood as one evident effect of exploring
lean practises.

Discussion: the emergence of dynamic capabilities in an industrialised house
building company
This section first presents a summary of the findings, and then the analysis on a build-up of
corporate assets, including also strategic directions of assets build-up both depicted in
Figure 1 as the emergence of dynamic capabilities in the case IHB company.

To survive from the house market crisis in 1992, the case company shifted from on-site
construction to offsite manufacturing, manifested as the first and gradual build-up of assets
into the strategic directions (Figure 1, top) framed as follows:

o Standardisation of components starting with a shift in 1993 from on-site
construction to offsite manufacturing continuing into standardisation of component
and preassembled modules into a predefined platform. The development of
standardisation has gradually continued over the years as small-step exploitations,
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research; (3 Seizing the lean idea though increased standardized work,
development || Exploring lean to involving top-management strategies and promoting employee loyalty;

of dynamic renew the corporate (i Reconfiguration of working methods to continuously improve operations
capabilities || culture and routinize learning;

(@Routinized use of built-up assets executed through the company strategy.

Managing ® technical speci to manage client ips and business model development;
relationships towards (@ Building specifications that conform to both the platform and client requirements;
a new business model (0 Long-term partnerships with influential architects;

Continuous (D Relationship-based cooperation with academia, clients and actors.

development
of dynamic

Value chain integration

and standardization of @ Long-term with ® of y resources and key resources by

capabilities rocesses long-term contracts; () Support tools for engineering and manufacturing processes;
P (@ Process standardization systematically evolved by continuous improvements.
Standardization of @ Shifting from on-site to off-site @ into a predefined platform;
components 3 Systematic use of building projects to develop the platform.
Time
1993 2002 2009 2018
Corporate assets build-up PEC
(@ == 2o %
& T . . -
successive process of T  bynamic capabiy
sensing, seizing and < g Pl
reconfiguration of assets S&mmmm T S N
o Exploit ,/ developing capacity to
> . sense, seize and
» reconfigure cumulative
L assets over time
Time

1993 2002 2009 2018



where components have been incrementally and systemically developed in several
explorative and exploitative steps (Figure 1, bottom). The build-up of knowledge
early on involved the systematic use of building projects to explore and exploit the
platform by experience feedback.

Gradually starting around 2000 and building on the bundle of assets developed and
used to explore and exploit the component standardisation, two succeeding assets
build-up emerged as two cumulative strategic directions (Figure 1, top): Value chain
integration and standardisation of processes and managing relationships towards a
new business model.

Value chain integration and standardisation of processes. This direction and assets
build-up included long-term agreements with stakeholders and acquirement of
complementary resources and key resources by long-term contracts. This build-up
mvolved the continuous use and refinement through sensing the need for and seizing
the use of the case company’s support tools for engineering and manufacturing
processes. The accumulation of capabilities altered between exploiting small-scale
developments of standardised components and process standardisation systematically
evolved by continuous improvements towards exploiting assets on a corporate level,
including developments towards vertical integration.

Managing relationships towards a new business model. Gradually the case company
built capabilities altering between exploring and exploiting component and process
standardisation using increased assets for vertical integration in house-building
projects pushing this to reconfigure technical specifications to manage client
relationships and business model development. This build-up in involved
developing building specifications that conform to both the platform and client
requirements, successively building long-term partnerships with influential
architects and gradually structuring ad capability build-up focusing on relationship-
based cooperation with academia, clients and actors.

Building on these accumulated capabilities, and assets, the case company started from the
middle of 2000 to explore lean:

Exploring Lean to renew the corporate culture involved exploring lean thinking
through cross-industry collaborations and research and seizing the lean idea
through increased standardised work, involving top management strategies and
promoting employee loyalty. The operationalisation of the accumulated assets
involved iterative advancement through progressive small steps of exploitation and
exploration and reconfiguration of working methods to continuously improve
operations and routinise learning and routinised use of built-up assets executed
through the company strategy.

Around 2013, the company began to talk about its lean culture that manifested an almost
exponential development, reconfiguring and adaption of the accumulated corporate assets
built by the successive process of sensing and seizing (Figure 1, top and bottom).

This observation of the formation of cumulative dynamic capabilities and the associated
ability to develop/reconfigure all collected assets over time challenges the view that IHB can
be described through certain more or less static elements. The four strategic directions
compare well with proposed definitions and categorisations relating to IHB in literature;
moving from a focus on offsite and components (Goulding et al., 2014; Lessing et al., 2015)
views towards the business model, and lean culture (Lessing and Brege, 2015; Hook, 2008)
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views of IHB. However, from a single company perspective, the relations between the four
strategic directions as well as the ability to not only continuously exploit and renew
resources and competences but also to sense, seize and reconfigure cumulative assets over
time is adding to a characterisation of IHB. Consequently, an IHB representation cannot
alone be grounded on a bundle of static construct, given the fact that the case company is a
forerunner and is still competitive after 25 years of development.

The last implication relates to previous research on dynamic capabilities in other
contexts than house building. The four identified strategic directions were purposefully
initiated with deliberate efforts to sense and seize incremental and radical changes. They
included routinised management to enhance, combine and reconfigure assets to sustain
long-term competitiveness. These observations provide empirical evidence from the
construction context to the Teece (2007) dynamic capability sensing, seizing and
reconfiguring process framework, but also to the proposal in Konlechner ef al. (2018), in that
dynamic capabilities-driven change is purposeful and can include both radical change and/
or incremental change and to the temporal nature of dynamic capabilities (Soderlund and
Tell, 2009).

The summary of the findings, i.e. the build-up of corporate assets, is depicted in Figure 1
(top, represented by 1-14) and is framed into four strategic directions of assets build-up
(Figure 1, top). The final analysis of the findings of how the corporate assets build-up is
related to how the continuous process of exploration and exploitation played out to
eventually reach an exponential dynamic capability build-up to sense, seize and reconfigure
cumulative assets over time is shown in Figure 1 (bottom).

Conclusion

The aim of the research was to contribute to the understanding of IHB from a temporal,
emergent corporate perspective by tracing the build-up of corporate assets in an IHB
company over a period of 25 years.

Previous research addressed and characterised IHB mainly as momentary and
represents static views involving, e.g. standardisation and platforms mostly accomplished
by moving operations from on-site to offsite. However, demonstrated from a corporate
perspective how the developments, reconfigurations and capacity to develop/reconfigure
assets over time by often small steps of sensing and seizing, this research introduces an
additional understanding of IHB as dynamic capabilities.

The implications of identifying an exponential development of dynamic capabilities
resulting from almost 25 years of continuous development of dynamic capabilities resonate
with Teese’s (2018) identification of higher- and second-order dynamic capabilities. What
Teece (2018) introduces is a differentiation between second-order dynamic capabilities,
which include, e.g. new product development and high-order dynamic capabilities by which
management senses the likely avenues for the future to seize new or changing opportunities.
The exploration of lean practices to renew the corporate culture assembles the build-up of
higher-order dynamic capabilities by the way they were played out as a developing capacity
to sense, seize and reconfigure all cumulative assets and capabilities over time. This
developing capacity was sensed as the most relevant way for top management to address
opportunities the company was trying to exploit. Stretching the observation of possible
higher-order dynamic capabilities based on the case company’s forerunner and
businesswise expanding position, two implications emerge. Firstly, the proposition that the
accumulated and higher-order dynamic capabilities are challenging to imitate explained the
sustained competitive advantage achieved over 25 years. Secondly, higher-order dynamic
capabilities imply that companies with roots in or outside construction cannot simply by-in



to take up IHB, they must possess higher-order dynamic capabilities to be able to quickly
exploit and to develop/reconfigure IHB assets (such as a product platform, process
standardisation and manufacturing assets). The other, apparent, route is the long way (in
our case, 25 years) that includes the successively sensing, seizing and reconfiguration way of
building company assets for successful IHB uptake and competitiveness.

The research presented in this paper is limited in some respects. The generalisability of
the results is delimited, not only for the qualitative nature of the study but also because a
single-case company and its history have been studied without any in-depth investigations
of direct (business) environmental changes nor other contractor or IHB companies during
the same period. The limitations with the retrospective data collection are also recognised.
Finally, the concept of dynamic capabilities is strongly leaning on Tecce’s resource-based
view; other theoretical vantage points such as a knowledge-based view could strengthen the
presented propositions or display other insights.

Further research should be conducted to shed light on if technology transfer might be a
ripe course for IHB companies with established high-order dynamic capabilities to venture
into. The suggestion is if technology transfer could further the competitiveness for IHB and
facilitate uptake of IHB, i.e. steering research from comparing companies at specific points
in time and instead of seeking long-term developments of dynamic capabilities could help to
explain uptake and developments of IHB. The results of this study indicate that building up
dynamic capabilities takes time, i.e. the path-dependent nature of dynamic capabilities’
build-up would be an interesting future research commitment to explain the proposed
connection between the difficult-to-imitate higher-order capabilities and the sustained
competitiveness over time.
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Abstract: Although it is well-established that industrialised construction can improve construction
companies’ productivity, the uptake of industrialised ways of working has been slow and traditional
construction companies remain unwilling to move towards industrialisation. One key reason is that
there is little understanding of how construction companies can overcome path dependency (PD).
Drawing on a longitudinal case study looking at an industrialised house-building (IHB) company,
this work investigates how entrepreneurial orientation (EO) has influenced the development of a
construction company that was able to transform from a traditional construction company to an IHB
company over 25 years and to overcome PD in the process. The study found that by focusing on a niche
market segment, developing a platform in collaboration with external actors, and an entrepreneurial
mindset supported the company in overcoming its PD. However, being the “first-mover” in the
industry created new path dependencies that may hinder other companies from entering this specific
niche market area and the development of the industry as a whole. This study contributes to
the theoretical buildup of EO, PD and strategic orientations of IHB companies, and contributes to
practitioners’ understanding of IHB companies from a strategic management contingency perspective.

Keywords: industrialised house building; construction; path dependency; entrepreneurial orientation;
longitudinal case study

1. Introduction

What enables companies to survive in the long run? This question has long intrigued
strategic management researchers, and many concepts have been introduced to answer it.
For example, the concept of entrepreneurial orientation (EO) has been used to explain company-level
entrepreneurship, which may enable long-term success [1-3]. However, past decisions have also been
found to lock organisations onto pathways that constrain future choices and limit their ability to
respond to changes [4-6].

The construction industry can be characterised as mature and slow-to-change [7], and as a setting
in which technological change can take several decades [8]. This is due to the path dependency
(PD) [9,10] of existing building systems and the industry’s characteristics [11]. Therefore, it typically
takes two to three decades for construction innovations to achieve significant acceptance [12].

Because demand for construction fluctuates strongly, many traditional house-building companies
focus only on short-term goals between projects to gain a competitive advantage [13]. This coping
mechanism suppresses innovation and hampers companies’ long-term success, as explained by Dubois
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and Gadde [14]. Broadly speaking, to break PD and challenge existing building systems, construction
companies should seek innovations to overcome known problems within the industry [15-17].

The manufacturing sector has thrived in part because of standardisation efforts that have been
made over the years. The standardisation of processes and product parts has enabled process-oriented
companies to succeed in the face of stiff competition [18]. The construction industry has also adopted
standardisation of building components since the 1960s, notably in the single-family house-building
market in the Nordic countries [19]. This phenomenon has been referred to as ‘industrialised
construction’, which is defined as a practice resembling manufacturing [20]. While industrialised
construction has been reported to have clear benefits [21-23], the uptake of this approach remains
low [24,25]. Additionally, no published reports describe a company’s successful transition from
traditional project-based construction to a process-based approach. The reason might be the fluctuating
nature of the construction industry that makes conventional house-building companies unwilling to
change an established ad-hoc problem-solving culture, make long-term fixed strategic commitments,
and invest in platforms to address risks associated with housing production and supply (e.g., [24,26,27]).

Only a few studies have investigated PD and its effects over time in the construction industry.
A notable example is a longitudinal study on the management of a portfolio of business models by [28],
which illustrated the importance of continuously evaluating and fine-tuning the business model and
integrating it with the company’s strategy. Another was reported by Mahapatra and Gustavsson [29],
who studied the characteristics of the construction industry and its PD over the past century, and the
way this PD has hampered the development of timber building systems. A third was that of Harris and
Buzzelli [30], who examined the development of the housing business in North America and Australia
between the 1920s and the 1970s. Their analysis discussed notions of ‘PD’ and ‘embeddedness’, arguing
that technological development trajectories are reinforced by existing technologies and the impact of
institutional, cultural, or environmental factors on development paths.

The lack of empirical research on how construction companies evolve over time and overcome PD
may be one of several reasons [24,25,31] for the low uptake of industrialised construction; the burden
of past decisions may deter companies from pursuing an industrialised way of working.

By applying a contingency theory perspective to a single industrialised house-building (IHB)
company, a theory of EO and PD can be synthesised and used to examine and understand the
development and evolution of an IHB company. A contingency perspective is justified because the
effects of any set of managerial actions will be contingent on both the external environment and
internal decision-making, and because there is a contingent relationship between environment, strategy,
and performance. Because of these contingencies on internal and external circumstances, there is no
universally optimal way to organise a corporation, lead a company, or make decisions about any given
course of action [32].

Previous studies [24,25,33-35] have provided a good overview of the adoption of IHB and the
associated challenges at the industry level. Therefore, to better understand the barriers to the uptake
of IHB practices and ways in which those barriers can be overcome, the objective of the paper is
to demonstrate the evolution of a single IHB company over time and give recommendations on
overcoming PD. Our paper investigates the influence of EO on the development of a construction firm
that successfully transformed itself from a traditional construction company to an IHB company over
25 years. In this way, we obtain insights into IHB from a strategic management contingency perspective,
showing how different EO elements have influenced the company’s development. This work also
continues the discussion of Pan et al. [24] by highlighting PD as a potential reason for the low uptake
of IHB and suggesting EO as a tool to overcome PD.

Based on the findings of our case study, we argue that an entrepreneurial mindset had a significant
and beneficial impact on the studied company’s evolution and its ability to overcome PD. The paper
uses a contingency lens to study the transformation process over time. The inclusion of the temporal
aspect made it possible to understand the roles and relative importance of different aspects of EO
at different points in the company’s evolution. This understanding may help other construction
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companies to acknowledge the process and effort needed to become an industrialised construction
company and overcome PD. Our study is related to and provides empirical backing for, the discussion
initiated by Mahapatra and Gustavsson [29] when they analysed the introduction of a wooden building
system and the subsequent transition from a formative phase to a growth phase.

The paper is structured as follows. First, we establish our theoretical stance on EO and PD to
provide a starting point for the empirical case analysis. Then, we describe our research methodology.
After that, we describe the case study and discuss its findings. Finally, we present conclusions and
outline reasonable future research endeavours.

2. Background

2.1. Entrepreneurial Orientation (EO)

EO refers to the activities (e.g., processes, practices, and decision-making) that lead to a new
entry [36]. It arises from a strategic-choice perspective [37], which proclaims that new-entry
opportunities can be successfully exploited [38]. It, therefore, involves a purposeful focus on
intermediate processes aimed at creating new ventures. The key elements that characterise an EO
include a tendency to act autonomously and a willingness to innovate, take risks, be aggressive toward
competitors, and be proactive towards marketplace opportunities [36].

The vision and integration skills of entrepreneurs and managers are essential for the development
of dynamic capabilities, but the use of those capabilities depends on two factors: the management’s
ability to identify opportunities to change existing routines and resource configurations, and the
management’s willingness and ability to implement the change [39]. Because EO promotes these
qualities, an EO can help firms to develop and maintain dynamic capabilities that confer a competitive
advantage [40].

Companies can evolve by identifying entrepreneurial opportunities, which may arise as a result
of external shocks. Growth opportunities can also be discovered by analysing current product
development projects [41]. Companies that are willing to act proactively and innovatively and
to take risks will thus have a better base for change and development than companies with less
EO [36]. Therefore, companies should engage in strategy-making processes that give them a basis for
entrepreneurial decision-making and action [2].

It has been argued that high-performance companies that can cope with rapidly changing
competitive environments, shortened product life cycles, and increased globalisation inherently have
an EO [42]. Such companies tend to seek and exploit opportunities more rapidly than their competitors
and are more willing to accept the business and financial risks associated with brave competitive
moves. Following these arguments, there is a growing body of empirical data that strongly suggests a
positive relationship between EO and performance [42—44].

2.2. Indications of Entrepreneurial Orientation in a Company: The Five Key Elements

Previous research has suggested a set of organisational processes, taking the form of patterns
or models, from which strategic decisions evolve [45,46]. Lumpkin and Dess [36] identified five key
elements that make a company entrepreneurial: autonomy, innovativeness, risk-taking, proactiveness,
and competitive aggressiveness.

The first of these elements, autonomy, refers to “the independent action of an individual or
a team in bringing forth an idea or a vision and carrying it through to completion” [36] (p. 140).
Broadly, autonomy means the ability and will to be self-directed in the pursuit of opportunities. In an
organisational context, it refers to the ability to act without organisational constraints. In a company
where the primary decision-maker is the owner/manager, autonomy is an immediate consequence
of the rights of ownership [36]. However, the extent to which autonomy is exercised depends on the
level of centralisation and the extent of delegation, both of which may depend on the organisation’s
size. In studies on small companies, researchers have examined the nature and extent of autonomous
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behaviour by investigating how centralised the leadership is and how often managers delegate
authority and rely on technical expertise [36]. Miller [47] found that most entrepreneurial companies
had the most autonomous leaders. That is, in small, simple firms, high levels of entrepreneurial
activity were associated with managers who maintained central authority and acted as the company’s
knowledge leader by being aware of emerging technologies and markets.

The second key element is proactiveness which refers to the company’s ability to identify future
market changes, enabling them to gain a first-mover advantage [48,49]. It also refers to how a company
relates to market opportunities in the process of new entry. Entrepreneurial companies do this by
seizing the initiative and acting opportunistically to “shape the environment,” i.e., to influence trends
and perhaps even create a demand [36]. Proactive companies are willing to become market leaders
and grasp new opportunities. In this context, strategies based on fast reactions enable excellent
company performance and make it possible to secure a market leadership advantage [36]. This
advantage is strengthened by experience and progression along a learning curve. Proactivity-oriented
companies that take risks by conducting series of experiments learn and gain experience that gives
them the courage to introduce new business models including new products and services, operating
procedures, and management methodologies, making them well-placed to become industry leaders [47].
Companies that acknowledge the importance of advance recognition can take action based on that
recognition, including taking proper prospective steps based on predicted opportunities, demand,
environment, and possible future revolutions [50]. These points are summarized in a statement by [51]
(p. 949) that proactiveness refers to “seeking new opportunities which may or may not be related to the present
line of operations, introduction of new products and brands ahead of competition, strategically eliminating
operations which are in the mature or declining stages of life”.

The third key element of EO is innovativeness, which reflects a company’s tendency to engage
in and support new ideas, novelty, experimentation, and creative processes that may result in new
products, services, or technological processes [36]. Although innovations can vary in their degree of
“radicalness” [52], innovativeness represents a willingness to depart from existing technologies or
current practices and venture beyond the current state of the art [53]. A company’s innovativeness can
manifest itself in many ways. Innovativeness spans a continuum ranging from a simple willingness
to try a new product line or experiment with a new advertising venue to a passionate commitment
to master the latest new products or technological advances [36]. To capture this range of activities,
several methods for quantifying innovativeness have been proposed [52,54-56].

The definition of the crucial fourth element of EO, risk, depends on the context in which it is
applied. The first set of definitions relates to uncertainty and types of risk that are often discussed in
the entrepreneurship literature, such as personal risk, social risk, or psychological risk [57]. As noted
by Baird and Thomas [58] (pp. 231-232), these risks are associated with venturing into the unknown,
committing a relatively large portion of assets, and borrowing heavily. Conversely, in the financial
literature, the risk is used in the context of the risk-return trade-off, where it refers specifically to the
probability of a loss or negative outcome [36]. Miller and Friesen [59] (p. 923) adopted this definition
when they described the risk as “the degree to which managers are willing to make large and risky resource
commitments-i.e., those which have a reasonable chance of costly failures”. High leverage due to borrowing
and heavy commitment of resources are consistent with this definition of risk-taking. Thus, companies
with an EO often show risk-taking behaviour such as taking on substantial debt or making significant
resource investments to achieve high returns by seizing opportunities in the marketplace. However,
it can be argued that all business endeavours involve some degree of risk so one cannot think in terms
of “absolutely no risk”. Therefore, it is widely accepted that risk-taking behaviour ranges from actions
involving “safe” risks such as depositing money in a bank or restocking shelves to highly risky actions
such as investing in unexplored technologies, bringing new products into new markets, or borrowing
heavily [36]. However, there is less consensus about how risk should be measured, so many different
methods of accounting for and measuring risk have been proposed [47,51,60].
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The final key element of EO, competitive aggressiveness refers to a company’s ability to
challenge its competitors to achieve entry or improve its position, i.e., to outperform industry
rivals in the marketplace [36]. As suggested previously, competitive aggressiveness is characterised by
responsiveness. This may take the form of head-to-head confrontation in which the firm enters a market
targeted by a competitor. Alternatively, it may be reactive—for example, it could involve lowering
prices in response to a competitive challenge [36]. Competitive aggressiveness also reflects a willingness
to be unconventional rather than relying on traditional methods of competing. New entrants can also
exploit other forms of competitive aggressiveness, such as focusing on competitors’ weaknesses [61],
focusing on high value-added products while carefully monitoring expenses [62], and adopting
unconventional tactics to challenge industry leaders [63]. In the spirit of Porter [64], three strategies
are recommended for aggressively pursuing existing companies: “doing things differently,” that is,
reconfiguration; changing the context, that is, redefining the product or service and its market channels
or scope, and outspending the industry leader. Accordingly, competitive aggressiveness, which refers
to a company’s responsiveness directed toward achieving competitive advantage, is an essential
component of an EO [36].

2.3. Path Dependency (PD)

To understand how companies develop over time and how resources are expanded or altered to
address changes, it is necessary to examine how companies’ past actions may have influenced their
current position and prospects [65]. PD refers to the idea that past events and decisions influence
current decisions and future ways of working [66,67]. Historical decisions and events can magnify the
primary advantages of an innovation over time due to ‘learning by doing and using’ [4,6], network
externalities [10,68], institutional persistence [9,69], and sunk investments [70]. Early works by
Arthur [4,5] and David [6] used PD to explain processes of technology adoption and industry evolution.
They argued that past decisions lock organisations into pathways that constrain future choices and the
ability to respond to changes. Therefore, once a technological change in some direction is initiated,
it becomes increasingly difficult to change its course [71]. Most market actors prefer to develop further
or use existing technology. Therefore, PD stabilises the existing innovation systems [29].

The constraints can be seen as an accumulation of inertia, which can have either negative or positive
effects on the company: past actions usually prevent a company from evolving in the desired direction,
but they may also provide a competitive advantage by supporting the company’s development.
For example, Mahapatra and Gustavsson [29] and Franzini et al. [31] identified possible barriers to
the adoption of wooden multi-storey construction, one of which was described as a path-dependent
construction regime. Strong PD is also reflected in the strong position of traditional concrete builders in
the construction industry [29,72,73] and the industry’s limited experience with collaborative networks
and multi-actor construction projects, both of which are significant barriers to efforts to increase the
market share of wooden multi-storey construction [74,75].

Patchell [76] studied PD in the Japanese house-building industry, focusing on interactions between
customers and manufacturers. He found that large house-building companies operating at the national
level are constrained by PD in different ways to those affecting smaller companies operating at a local
or regional level. Large house-building companies have sought growth through substantial investment
in economies of scale and scope, which has necessitated geographical expansion accompanied by a loss
of local responsiveness. Conversely, companies operating at the local or regional levels are constrained
by local traditions and their reliance on local workforces, materials, and relationships. This confers
some competitive advantages but reduces the longitudinal scope of their activities. Patchell [76] argues
that the local embeddedness of smaller house builders has compelled national companies to address
the challenge of creating a sales-and-distribution infrastructure that can interact with customers locally.

In sum, the historical background of a company or industry may either support or hinder its
efforts to change. The theory of PD assumes that decisions are initially open to revision and impose
few constraints on subsequent development, but become increasingly fixed over time and thus impose
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increasingly severe constraints on present and future choices [66]. Therefore, past decisions may dictate
a firm’s current and future actions. Additionally, Teece [77] argued that events in an organisation’s
history would constrain and affect its future behaviour to some degree. PD thus develops over time
as the configuration and understanding of “automatic’ processes and capabilities become embedded
in what the company does and how it does it. Learning and behavioural theories of organisational
change recognise that decisions to change are dependent on the willingness to change, the awareness
of the need to change, and the perceived capacity to change effectively [27,78], all of which may be
reduced by such embedding of processes and practices.

3. Research Methodology

3.1. A Longitudinal Case Study

Research on organisational paths requires a longitudinal perspective and analysis of datasets
such as chronologies or time series (simple or complex) that provide information on sequences of
events in an organisation’s history and the actions it has taken [79]. It is only by considering temporal
data that we can identify and explain the fundamental mechanism(s) governing the construction of
organisational paths. Consequently, PD research is always process research [80,81]. Additionally,
if we want to understand how and why strategic systems become constrained or unable to respond
to environmental changes, a qualitative approach is most appropriate. Furthermore, because of the
need for a process perspective and the objective of grasping the inner logic of strategic reasoning,
an interpretative approach is essential. What is needed is a sort of “thick description” [82] of the field’s
development, generated by gathering qualitative information on how and why strategic decisions
were taken or not taken, and how they are explained (or not explained) by the actors in the field.
A case study approach was considered most appropriate for this purpose because it would enable us
to identify complex causal relations and situate them in specific contexts [83].

This work focuses on a single case [79], which can be considered appropriate based on
Siggelkow’s [84] precepts for convincing case studies. First, the novelty of the case is apparent;
the studied company has a reputation as a successful forerunner in house building using industrial
manufacturing techniques. Second, the company has moved most of its production into a factory
milieu, which is unusual for companies in its sector. Third, the potential for new insight is high because
the analysis should reveal endogenous and theoretical traits, illuminating company characteristics that
might otherwise remain unseen.

The case company is family-owned and manufactures industrially-built multi-storey modular
timber buildings in Sweden using a unique ‘volume construction’ technology. The company is
considered successful because it has existed for over 90 years and has transformed itself into an
industrialised company in recent decades. Equally important was the fact that the company has
maintained detailed records throughout the transformation, making it an excellent source of data for
this type of study. Besides, the authors have good connections to the company, which made it possible
for us to conduct in-depth interviews with relevant employees.

The unit of analysis is the interaction between developments in the external housing market,
the EO activities of the case company’s managers, and the application of the company’s external
resources between the years 1993 and 2018. The study is based on data for the years since 2000.
However, the story begins in 1993 because that was the year in which the company began the industrial
production of multi-storey timber buildings from modules. The availability of relevant data spanning
an interaction period of 20 years made it possible to conduct a longitudinal case study.

The case study is retrospective in the sense that it is based on historical archival data, but the
information recorded in the archives was collected in real-time. The events and activities under
investigation have already occurred, and their outcomes are known. The timeline of events and the
variables that changed over the period were reconstructed after the events had occurred [85]. However,
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to compensate for the uncertainty introduced by using retrospective data (which may arise from factors
such as the recall effect), we crosschecked the interviews and the archival data for consistency.

3.2. Data Collection and Analysis Methods

The primary data collection method was in-depth, semi-structured interviews. Eight people were
interviewed, five of whom had worked for the company for over 30 years. Two interviewees had
collaborated intensively with the case company over the last twenty years when guiding students in
writing academic articles and reports on the company’s operations. The interviews were conducted
between April 2017 and September 2018. Table 1 summarises the interviewees’ roles and the nature of
the information they provided. To enable the interviewees to present their narratives, the interviews
began with openly formulated questions (see Appendix A) and continued with more detailed questions
about the company’s history. All the interviewees gave their informed consent orally for inclusion
before they participated in the study. The study was conducted following regulation (EU) 2016/679 of
the European Parliament and the Council. These provisions are often referred to as the General Data
Protection Regulation (GDPR). The following ethical procedure was followed; all the interviewees
were before the interview given written informed of the research agenda and publishing strategy, who
was doing it, and were asked to give permission to record and go forward with the interviews. Next,
the interviewees crosschecked and verified the transcripts. The case company’s chief executive officer
(CEO) approved the final manuscript.

Table 1. Interview data.

Date Role of the Interviewee Scope and Target
10 April 2017 Production manager To understand the company’s production operations
17 April 2017 Project developer To understand the company’s production operations
Chief executive officer (CEO) of a To understand how the company works with its
11 June 2018 L .
subsidiary company collaboration partners
12 June 2018 CEO To understand the history of the company from1993 to 2018
The professor who has collaborated To understand the role of the university’s research activities
18 June 2018 . . ,
previously with the company on the company’s focus areas
The professor who has collaborated To understand the role of the university’s research activities
19 June 2018 . . ,
previously with the company on the company’s focus areas
1 To verify the path dependency (PD) of the activities in the
20 June 2018 CEO of a subsidiary company timeline between 1993 and 2018
26 September 2018 A manager of a company that transfers the To understand the plans of the company regarding

case company’s technology abroad technology transfer abroad

As noted by Guest et al. [86], saturation may be achieved after only six interviews. As with all
aspects of qualitative research, the depth of the data is often more important than the numbers [87].
Interviewees were chosen based on their expected ability to provide substantial insight into the
company’s history, the context of its construction and marketing activities, and its production operations.
Another criterion for selecting interviewees was that the persons had been active in the firm during its
transition to an IHB company. These criteria used to select interviewees were strictly followed to recruit
a group of interviewees who could provide a broad overview of the company’s operations, managerial
activities, mindset and, market changes during the studied period. The selection criteria made the
number of interviewees relatively small. However, the targeted selection ensured that each interviewee
could speak with authority about the organisation’s managerial activities. The interviewees had
witnessed first-hand the changes in the organisation from a position that allowed them to understand
the decisions that lay behind the company’s evolution. Although the group of interviewees was small,
their collective expertise and extensive involvement in the company meant their responses gave an
adequate description of the changes that occurred in the organisation. According to Romney et al. [88],
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a small number of participants is justified in cases where the participants possess high expertise on the
issue being studied.

The interviews were conducted in pairs, as suggested by Lundahl and Skarvad [89]. The benefit of
having two researchers participating in interviews is that while one researcher conducts the interview,
the other can observe, make notes, and ask follow-up questions. To minimize the impact of researcher
bias, all interviews were conducted by the researcher who had the least personal contact with the
company. To increase reliability and validity, the interviews were recorded and transcribed, and the
transcripts were crosschecked with the interviewees. An inductive approach was used to analyse the
responses because the data required in-depth reading and rereading to ensure validity and avoid bias
when coding. The inductive approach made it possible to identify key themes in the area of interest by
reducing the material to a set of categories.

The archival timeline was used to find evidence of the five characteristics of entrepreneurial
companies proposed by Lumpkin and Dess [36]. Independent actions were taken as evidence of
autonomy. First-mover advantage and efforts to create demand, new opportunities, or new business
models were taken as evidence of proactiveness. Departing from established technologies or practices
and venturing beyond state of the art were taken as evidence of innovativeness. Venturing into
the unknown, committing a relatively large proportion of the firm’s assets, and heavily borrowing
were taken as evidence of risk-taking. Finally, focusing on competitors’ weaknesses, seeking high
value-added products, and adopting unconventional tactics to challenge industry leaders were taken
as evidence of competitive aggressiveness. Interviews were used to support the findings, better
understand how the world looked when the studied actions and decisions were taken, and develop an
understanding of the company’s managerial activities over the 20 years.

To analyse the link between the external market environment and managerial activities, the
process data were organized into a timeline (see Appendix B) consisting of three layers: the external
market environment, the company’s managerial activities, and the use of external resources such
as academic collaborations and consultants. This is consistent with the contingency perspective
adopted in this work. The timeline gave us a visual representation of the activities that occurred
between 1993 and 2018 and illustrates the interplay between developments in the housing market,
the company’s development, and its academic collaborations. The timeline was based on secondary
archival data including five academic theses [90-94] published between the years 2000 and 2013,
a company history report [95], and public reports of the company’s sales and collaboration agreements.
These documents provided process data on the company’s history [81] and can be considered to
strengthen the study’s internal and construct validity. Importantly, the information they provide
can be assumed to be reliable. The university interviewed professors supervised the dissertations
and oversaw the writing of the research reports. The research reported in these dissertations is also
presented in peer-reviewed articles [18,96-100] and all of them include a temporal aspect because the
result, analysis and contributions cover, each, roughly a five-year period. The research-based data used
to inform the narrative was based on these dissertations and stems from a meta-analysis centered on the
scientific and company rationale addressed and results presented in these dissertations. The timeline
was validated by two managers who had worked for the company during this period and by two
university professors who had studied the company during this period. This validation process can
be seen as a form of triangulation that enhanced the validity of the research (e.g., [79]). Denzin [101]
argues that triangulation in research is essential when seeking to find evidence for, explain, predict,
or understand specific empirical phenomena. Triangulation is also commonly used to eliminate threats
to a case study’s validity (e.g., [79,101]).

4. Results

Here we discuss the main events that occurred between the years 1993 and 2018 in terms of the
company’s managerial activities, external market changes, and external resource utilisation. We aim to
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identify the managerial actions that contributed significantly to the company’s transformation into an
industrialised construction company and how external activities affected the transformation.

4.1. Surviving the Housing Market Crisis: Towards Industrialised Construction (1994-2004)

In the 1990s, Sweden’s house-building market suffered a crisis. Many small and medium-sized
companies disappeared or were purchased by larger Swedish companies, as noted by one of the
company’s project developers:

“In the 1990s, all these medium-sized companies disappeared ... They were bought, merged with
larger companies, or went bankrupt.”

The case company was in the same situation as other smaller and local construction companies, as
noted by one of its managers:

“The building crisis was pushing the company towards bankruptcy ... the market was going
downwards quite steeply, and we had to do something.”

The company was close to shutting down. The project developer explains that at that time, the
company operated in a similar way to other construction companies.

“We were a traditional builder, built everything. So we went from over 100 employees to 20 employees
in a very short time.”

In 1993, the company made a brave decision to change its focus and start building houses at a
reasonable price using industrialised technology, as a manager explains:

“So we moved the building sites inside the factory environment and put the labour hours primarily in
the factory so we could keep our staff in the neighbourhood.”

The decision to move towards industrialised construction was partly driven by a critical regulatory
change in 1994 that permitted the construction of multi-storey timber buildings and, thus, provided a
new business opportunity. Multi-storey timber buildings had previously been prohibited because of
the risk of city fires. Two Swedish cities suffered significant human and financial losses due to city fires
in the 19th century. A university professor explains the change in regulations:

“We adopted the Euro codes, which made it possible to build wooden structures of more than two
storeys.”

As a result, instead of closing down, the company saw an opportunity to relaunch its production
with an existing plant. Therefore, it began searching for new industrialised techniques for multi-storey
timber house building.

Industrialised construction required a new way of thinking and producing houses. A new type of
‘volume building’ technology was developed in collaboration with a local, technical university. As a
result of this public-private collaboration relationship, a new product was launched in the housing
market. The company produced its first products in the University City to prove the concept’s feasibility
and to demonstrate the product’s quality and the viability of the production method. Convincing the
market in this way was necessary because the public perception of industrialised construction was
poor, as the product developer explains:

“The production process was simply too unknown. However, we also realised that the market would
recover in metropolitan areas, particularly in the university cities.”

Over the next 10 years, the company had to solve many technical issues with the production
platform, and the university tested and verified several solutions to these issues. The company also
had some luck because the Swedish government decided in 1997 to provide financial support for the
development of prefabricated timber components. The public-private relationship started in the early
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1990s and was mutually beneficial: it enabled the company to verify the feasibility of its production
methods while allowing the university’s staff to research a real-world setting. A manager from the
company describes the public-private relationship as very important in terms of building market
confidence in IHB because the market was unconvinced by the case for industrially built houses in the
early 2000s.

“I will say the university played an important role as a confidence builder for us. To a large extent,
cooperation became a market requirement for our development.”

4.2. From Technology and Product Orientation to Process Orientation (2004-2018)

Before 2005, the company had to focus on convincing the market that its product was viable and
safe. Once the product’s credibility had been established, the company felt that it could start competing
on an equal footing with other construction companies. Therefore, its focus shifted from product and
technology orientation to process orientation, as explained by a university professor:

“So until about 2005 the attitude was almost “technology will fix everything’, but afterwards more
process-based long-term thinking started becoming more prevalent.”

In practice, process-orientation meant that the company began to develop more long-term
collaborative relationships with architects and customers. The architects needed to be involved early
in the design phase to ensure they understood the technical platform’s capabilities and limitations.
The production system could produce certain types of housing efficiently, but there were other designs
for which it was unsuitable or uneconomic. The production process thus required the customer to be
involved from an early stage to ensure that the production methods could meet their requirements.
This insight the company acquired was based on Bjérnfot’s [91] work from following the case company
from 2002. The study showed that the company had possibilities to overcome the limitations related
to customer flexibility while maintaining a relationship with suppliers. The main finding was that
long-term contracting and complementary resources, e.g., architectural capacity, sub-contractors and
consultants should be introduced into the company, to acquire critical resources. Earlier studies by
Bergstrom [90] showed that the company had communication and cooperation difficulties with different
actors, which led to recognition of the need to build a strong relationship with key stakeholders.

At the beginning of the year 2000, construction firms started adopting a lean philosophy; the
case company began incorporating lean practices into its technology platform from 2002. At first, the
company introduced continuous improvement, standardised work, maintenance of equipment and
tools, and responses to defects. Continuing on Meiling’s [93] studies on continuous improvements, the
platform evolved over time to include both standardised components and standardised processes. Later,
Jansson [94] demonstrated how a platform consisting of standardised components and standardised
processes could be systemised and developed over time. Other lean practices such as daily huddles,
scheduling, work floor layout, and visual information were introduced later, much from the insights of
Hook’s [92] studies, where she showed that lack of standardised work, top-management strategies, and
employee loyalty, hindered the company from approaching a lean culture. These lean practices were
subsequently adopted throughout the organisation with the help of an external consulting company,
as a manager explains:

“We wouldn’t be able to do this [build with industrialised methods] if the organisation wasn't lean.
And this journey is about taking small steps into the future, and you asked how we do the ordinary
day-to-day operative work. So we use these principles everywhere in the organisation.”

A company manager stated that the reason for the company’s success is that it adheres to a lean
philosophy in all its management practices:

“It [lean] is not complicated, but it is very powerful, so when I do management things, I follow it
every day. One goal that has emerged from our processes is that we are aiming to be the leading lean
company in the country by 2022.”
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Around 2014, the company realised that its production capacity needed to be expanded, so it built
a new factory based on lean principles that started production in early 2018. The recent investment in
this new production facility exemplifies the company’s mindset and demonstrates the long-term social
work it has done to secure the wellbeing of the local community. The manager agrees that there is local
pride in the fact that the factory was built in the hometown. The company also considers it essential
that the hometown managed to provide the best conditions for the factory despite competition from
other locations. The factory provides jobs for the local community and is a source of local pride, so the
company’s managers feel that they have a social responsibility. The manager explained:

“Those in the company’s third, fourth, and fifth generations see a heritage we want to preserve. We
come from a quite small neighbourhood, a rather small area, and when you make a promise to those
who are engaged with the company and its progress, you want to keep it.”

Since its founding, the company has worked closely with the local community. As a result, it
has been seen as an attractive employer and has enjoyed good relationships with residents. The
collaboration has enabled the recruitment of new employees when the company has expanded. The
question they ask when recruiting is not what the employees can do for the company, but what the
company can do for the employees, as explained by the manager:

“We talk about the reasons for someone to start working here and why they should invest
their time in our company. If you create a bad reputation, it will come back. You need to
think long-term.”

The company is currently the market leader in Sweden and plays a crucial role in the country’s
housing market. It has also attracted international interest and found a market in a neighbouring
country—Finland. The company has, therefore, decided to sell its knowledge and expertise in
industrialised construction abroad, as a manager explains:

“The reason for that is that we need this project abroad in order to benchmark ourselves and our ability
to sell technology transfer—how to sell our knowledge. So we have an agreement with this foreign
company that is buying our knowledge.”

4.3. Innovative and Collaborative Entrepreneurs

The company has always been family-owned, the current owners of the company being the fourth
generation in the company’s history. Its founders were building contractors, whereas many of its
competitors have backgrounds in forestry and the timber industry, as a manager explains:

“We were building contractors from the beginning. We are entrepreneurs. We were not brought up in
the forest industry. Many other industrialised timber builders have their roots in forestry. We come
from the other part, which is more focused on selling and products.”

The company has a long history of innovation and strategic thinking, as explained by a manager:

“The company’s owners prioritise long-term thinking. You need to bear that in mind to understand
the reasons and background for making certain decisions. An urge to invent things, solve problems,
and innovate has been an important aspect of the owners’ values for many years, as a way of coping
with the rise and fall of the market, and making the best of things. It’s also important that they have
the desire and courage to try new things.”

The public-private relationship has now lasted over 25 years. It initially focused mainly on testing
technical solutions, but more recent collaboration has focused mainly on understanding the company’s
implementation of lean principles [92]. One factor that has contributed to the relationship’s success is
the active involvement of the company’s managers, as discussed by a professor at the university:

“This has succeeded because the company’s management has been involved in all of the research.”
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The company differs from traditional construction firms both in terms of its process orientation
and because of its understanding of the value of implementing new ideas. As the university professor
put it:

“You can do research and development, but you also need to implement the innovations. Otherwise,
the benefits will be lost.”

The company works closely with other industries to learn from the best about the implementation
of lean working practices. The company reciprocates by allowing other companies to visit their
factories to understand lean in practice. The company is not afraid of other companies’ attempts to
copy its lean practices because it is difficult for other companies to copy a specific lean way of working;
each company must develop its way of working that suits its particular environment. A company
manager explains it in the following way:

“I always invite our competitors to come and look at the factory or our organisation. I talk about it
without showing our figures, but I do show our strategies and explain how we do things. They can
pick up on some things but they can’t do the whole thing. Therefore, we are always a step ahead. And
if they manage to fix something, we will already have moved six months ahead, making what they
learned history; by that point, we will have a new way of working.”

5. Discussion

5.1. Overcoming Path Dependency through an Entrepreneurial Mindset

In the early stages of the company’s transition to IHB, it had to develop its technology platform
to produce quality products in a factory setting efficiently. The quality of the product was crucial
to convincing future customers about the merits of this new way of building houses. At that time,
the company’s main focus was on the technology platform and product. However, as the platform
matured to the point of needing only specific small fixes, the company’s attention shifted towards the
customers’ needs. The company, therefore, began developing long-term collaborative relationships
with customers to understand customer needs thoroughly. It emerged that the customer needed to
be involved early in the production process to ensure that the production methods could meet their
requirements. The effects of industry PD and the influence of existing building systems were both
readily apparent, for example in this statement made by a manager: “We got an inquiry at the beginning
of the year 2000 about building almost 200 temporary student apartments. However, we never made an offer
because industrialised construction was associated with modular building, which had a bad reputation. We did
not want to denigrate our product”. To overcome this, the company used internal and external resources
to convince the market that IHB constitutes a better way of working.

The company has also been keen on being sensitive to customer needs, and the public-private
relationship has helped it to meet those needs. Both parties benefited from the collaboration:
the company gained access to research knowledge and a skilled workforce in the form of PhD and
masters’ students, while the university could use the company as a case to study an industrialised way
of working and industrial projects. As shown earlier, the company has matured through research by
Bergstrom [90], Bjornfot [91], Hook [92], Meiling [93] and Jansson [94], providing key insights on how
to overcome hindrances common to the construction business.

Through the public-private relationship, the company received help with creating and testing new
technologies related to its product platform, thereby gaining legitimacy in the market (as discussed
earlier), while the academics could test their theories in practice and gain legitimacy in academia.
These mutual benefits were clearly illustrated by the CEO when he explained how the company
managed to penetrate the market by using the university’s work to validate their product and prove
its safety, addressing customers’ concerns. This collaboration was necessary because most property
owners interested in building houses only had experience with concrete construction.
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Teece [77] argued that events in a company’s history affect its future behaviour. The case company
decided to invest in its technology platform and change its business model at the beginning of the
1990s. As a result, it changed its element production to volume production, producing 2- to 6-storey
houses. This decision did indeed constrain the company in a way since its platform solution did not
initially meet its customers’ needs. The company, therefore, began working closely with architects
and customers by involving them earlier in the “construction process” to overcome this challenge.
The company also lobbied and promoted its products, and used a proof-of-concept pilot project to
prove the viability of its product to customers and the broader market. The success of these efforts
reveals some potentially general ways of overcoming a strong PD in an industry.

Another illustration of PD is the way the early decision to move to volume production influenced
the company’s strategic work. This decision gave the company boundaries that gave rise to a clear
focus and goals. Because it invested in building a factory and moved labour hours into the factory,
the company was obliged to either keep up production at the factory or fail to recoup its investment.
In other words, past decisions locked the organisation into pathways that constrained its future choices
and ability to respond to change.

The company’s primary manufacturing operations and 30% of its project engagement take place at
the local and regional levels. Surprisingly, these statistics are similar to those for many large companies
that invest heavily to benefit from economies of scale [76]. Importantly, the case company has not had
to sacrifice local responsiveness to achieve this. Patchell [76] argues that PD explains how both large
national and local housebuilders, are constrained in their operations. However, our study suggests
that a “local” company can overcome the constraints imposed by PD.

Mahapatra and Gustavsson [29] discussed conditions that may support a transition of a wooden
building construction system from a formative phase to a growth phase. We have shown that many of
their initial thoughts can be verified. Next, five conclusions from their study will be discussed.

First, they propose that the education of professionals about timber construction, in particular,
consultants, engineers and architects, as well as policy and decision-makers, and the general public
would expand the knowledge platform for timber buildings. In accordance with this claim, the results
presented here show that the case company did indeed work closely with many professionals to develop
an understanding of IHB. Second, the authors proposed that educational and training programmes in
higher learning centres (e.g., universities) oriented towards wood-based industrialised building would
further expand this base through the continued supply of the workforce. Accordingly, the public-private
relationship allowed access to knowledge and a skilled workforce. Third, they suggested that
encouragement for new firms to enter the timber construction system would help increase the number
of actors in the emerging innovation system. While this may be true, the results of this study
demonstrate that one cannot simply enter a market; successful entry requires long-term commitment
and EO. Also, because the case company is an industry leader, their actions may seem like a source of
PD to others seeking to enter the IHB market. Fourth, they argue that the facility to the existing firms to
move beyond the stage of small-scale experiments would be beneficial. Particularly interesting are those
medium-sized firms that produce prefabricated timber single-family houses. Again, such companies
have a history and would probably find it challenging to overcome their industry’s PD without EO,
long-term thinking, and active external collaboration. Finally, they suggest that coordinated and
collaborated efforts will contribute to unify the relatively fragmented wood industry. Collaboration
is needed between different sectors and levels, especially between industry, authorities, researchers,
construction experts and their networks. The results presented here show that PD can be overcome,
by focusing on a niche market segment, developing a platform in collaboration with external actors
(e.g., architects, universities and stakeholders) and addressing customers’ concerns, but the results do
not show how this can unify a fragmented industry.
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5.2. Building Path Dependency, Strengthening Market Position

Although the case company’s objective was to overcome industry PD and develop affordable
housing, it may have inadvertently made it harder for other wood-based construction companies to
enter the market by creating new PD. It took over a decade for the company to achieve acceptance in the
market, which was done by active lobbying and collaboration with relevant professionals [88]. Many
property developers and construction companies have since become familiar with the case company’s
products and construction methods, to the point that (as one manager put it) their way of working
has become the norm in modular construction. As a result, modular construction in Sweden has been
placed on the pathway developed by the case company; that is to say, their actions and success have
contributed to the creation of new path dependencies. Many current industry regulations have emerged
as a result of the journey the company has made. The same is true for the image that professionals and
customers have when discussing modular construction. Therefore, the case company’s actions have
made it harder for new competitors to enter the market. Even if new companies try to enter the market
by copying the case company’s products and methods, PD will probably hinder their efforts.

5.3. Entrepreneurial Orientation and Long-Term Collaborative Relationships

The contribution of an EO to the case company’s success can be evaluated by considering the extent
to which it has displayed the five key components proposed by Lumpkin and Dess [36]: autonomy,
innovation, degree of risk-taking, proactiveness and competitive aggressiveness.

The company has shown autonomy by independently acting when faced with harsh competition
and market turbulence. By completely changing its business model from project-based to process-based
building and challenging traditional construction companies, the case company proved itself to be
remarkably innovative. However, this innovative action was only possible because of the company’s
appetite for risk-taking, revealing another facet of its EO. The company took a big risk by changing
its way of working and moving its production into a factory: in addition to departing from existing
technologies and current practices, it sought to bring a new product to market while investing heavily
in production facilities and technology. Its managers thus demonstrated a strong EO and remarkable
leadership. The company also displayed proactiveness by being the first to bring wooden modular
buildings to the market. It thereby gained the first-mover advantage, as discussed by Lieberman and
Montgomery [48]. This forced its managers to rethink their business model to create demand because
customers were unfamiliar with products of the type they were offering. By lobbying for the product as
they did for the first 10 years (through the public-private relationship) they created demand and new
opportunities both for themselves and for their customers and the broader industry. The introduction
of their product allowed customers to acquire high-quality turnkey wood-based modules that can be
assembled on site much more quickly than a traditional building project can be completed. A key
advantage is that the product can be assembled quickly and does not need the drying time associated
with concrete-based projects. Therefore, the customer can sell and/or rent apartments much more
quickly, allowing them to obtain revenue earlier than would otherwise have been possible. In this
way, the company demonstrated competitive aggressiveness: they identified a common problem of
traditional construction companies (the long drying time of traditional concrete buildings) and used it
to argue strongly for the added value of their product, adopting unconventional tactics to challenge
industry leaders. As noted above, the case company’s way of building houses is much faster than the
traditional approach, bringing more value to the customer more quickly.

5.4. Guidance to Overcome Path Dependency in the Construction Context

As presented in this article, overcoming PD takes a long time, and companies must deal with
many obstacles in order to establish themselves in the market. Here we present some general guidance
for other companies to overcome PD issues and incorporate innovation. First, due to inherent PD
in the construction industry, companies should be proactive and establish a long-term relationship
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with different stakeholders. The idea is to challenge the preconceptions decision-making bodies have
(e.g., architects, state planners, investors) and establish collaboration in an early stage. This collaborative
work enables companies to overcome PD. It also nurtures and spread innovation between companies
and different decision-making bodies. Second, promotion of own brand (use proof-of-concept pilot
project to prove the viability of its product to customers and the wider market) and use highly respected
partners to promote the product, create demand and new opportunities both for the company and
for their customers. Third, find and focus on a niche market segment. In so doing, the company can
develop the product for this specific market and focus on customers’ needs, instead of battling on many
fronts in the whole market. Fourth, a niche market focus supports working with standardisation of
products, processes, components. The adoption of lean philosophy is a way for companies to structure
their operations around standardisation. Hence, the use of consultants may accelerate the development
toward a more lean company. This rational way of working may attract established stakeholders used
to working in a certain way. Fifth and finally, top management is expected to make long-term fixed
strategic commitments, and invest in platforms to address risks associated with housing production
and supply; thereby companies can gain a competitive edge over its competitors.

6. Conclusions

This paper reports a longitudinal case study of a traditional construction company that was able to
transform into a successful IHB company in 25 years. We chose a longitudinal approach to examine PD
and EO which in our view is appropriate as the focus is to reveal key events in the company’s history
to obtain a further understanding of how a project-based construction company has evolved into a
process-based market leader. This paper has contributed to the literature and theoretical buildup of PD,
EO and strategic orientation of IHB companies by retrospectively investigating how an IHB company
has evolved and overcome construction PD with EO over time. Additionally, we have provided a guide
for how construction companies can overcome PD. The results showed that PD could be overcome,
by focusing on a niche market segment, developing a platform in collaboration with external actors
(e.g., architects, universities and stakeholders) and addressing customers’ concerns. The findings of
our case study also show that collaboration with other organisations and the EO of the company’s
managers have also enabled the company to overcome its PD and change the company’s focus over
the years, in response to external changes and market needs. Thus, this paper also contributes to
the field of EO by showing that an entrepreneurial mindset can be a key to success when applying a
process-based business approach in construction.

The strength of this case study comes from its ability to story-tell and explain how EO enabled
the company to succeed despite its PD. However, no study can answer all required questions,
and future research endeavours should focus on understanding more deeply how PD encourages or
discourages construction companies” development towards industrialised construction, and whether
an entrepreneurial mindset and a willingness to collaborate could be taught to managers in order to
overcome or reduce the influence of PD. The generalizability of the results is also limited, not only
for the qualitative nature of the study but also because a single case company and its history have
been studied without any more in-depth investigations of other construction companies during this
same period.
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Appendix A

Interview themes and questions (questions were posed either in Swedish or Finnish). Different
questions were posed for different interviewees depending on their background. Before the interview
permission to record, used and publish the data were asked, and that the study follows General Data
Protection Regulation (GDPR).

. Background

O Tell us about your background.

O Describe the most critical points for the company since the 1990s until today (2018).
(aiming to depict the important time points for the company)

O What should we especially understand in this context?

e  Market and customer orientation
Can you reflect on the market? Has the focus all the time been in low-cost?

Where do you think your company’s long-term thinking comes from?
Where does your focus on customers come from (not traditional thing in construction)?

o 00O

Describe your way of doing business. Has it changed the Swedish construction business
or have you seen any change?
O How have you influenced this market?

e Internal decision-making processes

@) How you make decisions in the company?

O Who is looking into the future and who makes the daily decisions?
e  Technical platform

O When was the platform ready?

O How was it developed and by whom?
e  External collaboration

O What kind of role has the university played?

O What kind of plan have you had with the university?
O How are you collaborating with consultants?

e  Lean philosophy

O Where does that ideology come from?
O How are you practising lean?
O What has been the role of Lean in your work?

e  Platform (technology) transfer

O When did the idea of technology transfer come into being?
O What has happened so far and by whom?
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OO0 O0OO0OO0O0O0o

What else is going on?

How long does the transfer process take?

What have been considered important for the success of the transfer and why?
What challenges have you encountered so far and why?

What successes have you experienced so far and why?

How do you prepare for technology transfer? (Contracts, IPR rights, etc.)
What concrete things are being transferred between the companies? (Physical devices,
people, etc.)

What kind of know-how needs to be transferred between companies?

How will know-how be transferred?

How will communication continue after the technology transfer?

Is there anything else we should have asked but would have liked to say?
Who should we interview?
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Abstract

The demand for affordable, high-quality homes and premises has increased as society
has evolved. Construction companies have shown that an industrialised housebuilding
(IHB) platform strategy is an effective way of meeting exacting customer requirements.
We decided to apply a managerial perspective and consider the IHB platform as a tech-
nological solution when investigating technology transfer (TT) in a construction context.
Drawing on a meta-analysis of the literature and a qualitative case study at an IHB com-
pany, this work examines how two construction companies participate in TT. The results
show that the THB platform strategy can help a company overcome uncertainties associ-
ated with the TT process. Furthermore, the platform strategy supports the transferability
of IHB to different markets, which, in turn, provides unique opportunities for companies
from other contexts to enter the construction market. Our findings also revealed that CEOs
from three construction companies were not only interested in TT due to potential profit
improvements, but also considered how the process could benefit their employees and the
community. This may be a result that is specific to Nordic culture or insight into a unique
characteristic of the broad construction industry. This study contributes knowledge to the
scarce research field of TT in a construction context. It provides evidence for how further
cases of TT may disrupt the construction industry in terms of new business models or com-
panies from the diverse field entering the market.
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1 Introduction

The answer to the question “Why should construction companies be interested in tech-
nology transfer (TT)?” is multifaceted. First, it is well known that TT can improve the
competitive advantage of a company (Baughn and Osborne 1989; Porter 1980). In addi-
tion, TT is a vital component for economic development (e.g., Mansfield 1968; Schum-
peter 1928) and pivotal to advancing both society (e.g., Foster 1962; Merrill 1972) and
social welfare (e.g., Chatterjee and Ireyes 1981; De Laet and Mol 2000; Rogers 2010).
Moreover, the diverse challenges currently facing society, e.g., demographic shifts,
intense urbanisation, ambitious climate goals, and maintaining high employment levels,
will inevitably also affect the construction sector (Brege et al. 2017). As a consequence
of these driving forces, the demand for increased construction of homes and premises
is becoming increasingly apparent. These factors, especially urbanisation, have resulted
in the global construction industry hitting an all-time high of 1.39 trillion USD in 2018
(Deloitte 2019). Hence, a considerable rise in TT within the construction sector can be
expected during the next decade.

Swedish construction companies have responded to the aforementioned societal chal-
lenges by developing an industrialised way of working, commonly referred to as Indus-
trialized House Building (IHB) (Johnsson and Meiling 2009). These IHB companies
aim to organise their business around total deliveries structured into platforms (Jansson
et al. 2014; Johnsson 2013). However, IHB development around the world has lagged
behind what has been achieved in Sweden. As a result, Swedish IHB companies have
realised that the IHB platform is a competitive advantage when entering new markets.
This is a novel approach, as construction projects are unique in the sense that each pro-
ject is governed by a complex set of requirements that are defined based on-site- and
country-specific circumstances (e.g., Kiviniemi and Fischer 2004). In other words, com-
plex contextual understanding is generally a strict prerequisite for the success of a con-
struction company in a new market.

The technology that IHB companies are transferring is the product platform, which is
characterised by a high degree of standardisation in materials, processes, and predictable
supply chains. This allows the company to offer houses in selected niche markets (e.g.,
Jansson et al. 2014; Johnsson 2013), and the standardisation is crucial to managing the
complexity and uncertainty associated with the fragmented industry. The platforms of
some THB companies are ready for TT because they have reached a tipping point in terms
of development and refinement. Hence, construction companies can potentially gain a
competitive advantage by investing in this technological innovation, especially as product
platforms have often been overlooked in the construction industry (Goodier and Pan 2012).

Although TT has been previously studied in the construction context (e.g. Bakuli
1994; Ofori 1994; Devapriya and Ganesan 2002; Ganesan and Kelsey 2006; Waroonkun
and Stewart 2008), the focus has been on developing countries and the transfer of mana-
gerial knowledge and skills and not so much on technology itself.

To the best of our knowledge, this study is among the first attempts at understand-
ing house building as a technology and how an IHB company addresses TT. This paper
argues that construction companies should take an interest in TT due to its diverse (e.g.,
Krugman 1979) business and societal benefits, such as new knowledge, technology and
increased standard of living. Moreover, TT can also lead to market disruption, as it ena-
bles companies from other fields to enter the market through investments into new tech-
nologies. The present study was guided by the following research question:
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RQ1 How do house building companies participate in technology transfer?

Accordingly, this paper provides new insight on TT for the construction industry by pre-
senting how a platform strategy can be linked to TT. The research question relates to a case
study in which one IHB company was studied both retrospectively and at present. Based
on the results of this case study, we argue that IHB companies pursuing a platform strat-
egy have reasonable grounds for TT, through which they can potentially explore expansion
to other markets. The maturation of the construction industry corresponds with a higher
possibility of non-construction companies entering the market through TT, which suggests
that the platform strategy is both an opportunity and a threat for the industry.

This paper is structured as follows. We first establish a theoretical basis on TT as a
starting point for the empirical case analysis. Next, we describe our research methodology,
which included both a qualitative meta-analysis of the literature and a case study. We then
describe the findings from our case study and conclude by discussing the implications of
our research and outlining reasonable future research endeavours.

2 Literature review

Given that TT has been identified as a crucial part of solutions to developmental problems
such as intense urbanisation and climate change, it is surprising that so little construction
research has focused on this topic. The current TT literature should be reviewed to get an
understanding of how TT relates to the field of construction. However, as TT has been
studied in numerous contexts and by researchers representing different disciplines, various
definitions for TT exist. Hence, a qualitative meta-analysis of the current literature pre-
ceded the case study examined in the present research. The information gleaned from the
literature review would hopefully reveal the distinct characteristics of the construction sec-
tor, and help format a research question for studying how TT can be applied in the field of
construction.

TT is defined as an active process during which technology is transferred from one unit
to another (Autio and Laamanen 1995; Bozeman 2000; Bozeman et al. 2015). Numerous
scholars consider TT to be a complicated process that needs time to evolve (Agmon and
Von Glinow 1991). Over the past years, TT has been conducted in many fields of science
(e.g. Noh and Lee 2019), which has rendered TT—Ilike most emerging fields—a highly
fragmented discipline (Zhao and Reisman 1992). As a result, a wide range of terminologies
is used when describing TT. Mansfield (1975) was one of the first economics researchers
to study TT from an industrial perspective (Teece 2004). Economists view technology as
an essential input for economic development (e.g., Krugman 1979); hence, TT is a sig-
nificant factor for the development of both developed and developing countries (Mansfield
et al. 1983). Economists have also stressed that TT should follow a geographical gradient
(e.g., North-South TT) as well as be able to cross the development chasm (Saggi 2002;
Teece 1977). Region-to-region dynamics (Reisman 1989), as well as TT between different
industries and economic sectors (Cunningham et al. 2017; Zhao and Reisman 1992), have
also been promoted. Furthermore, from a nation-state perspective, economists state that TT
occurs on both the domestic and international level (Hu et al. 2005).

In the field of management, TT is viewed as a means to increase the competitive
advantage, and subsequently, profits, of a company (Zhao and Reisman 1992). Fur-
thermore, technology is considered as a company-specific asset which includes both
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tangible and intangible components. The terminology specific to this field has a cer-
tain degree of overlap with the field of economics because some management research-
ers have been trained as economists (e.g., Teece 2004). In addition to terminology
related to the field of economics, management researchers commonly discuss interfirm
(Wahab et al. 2011) and intrafirm TT (Malik 2002), how technology can be transferred
to a wholly-owned subsidiary (Arora and Fosfuri 2000) or joint venture (Wahab et al.
2011), and the marketing, production and R&D associated with TT (Hu et al. 2005). In
light of globalisation, management research also has a strong focus on international TT,
which describes transferring the capability and skills for manufacturing a certain prod-
uct from a company in one country to companies in other countries (Baranson 1976;
Chesnais 1986; and recently Teece 2017). This has led to a growing body of research on
TT mechanisms (e.g., Autio and Laamanen 1995; Cunningham et al. 2017) and different
transfer processes (e.g., Stock and Tatikonda 2000).

Anthropologists focus on culture (Foster 1962); as such, they discuss the role of TT
in terms of cultural evolution (Merrill 1972) with particular emphasis on the advance-
ment of society (Zhao and Reisman 1992). This rather broad view of TT tends to focus
on technological development as changes in cultural and societal patterns (Zhao and
Reisman 1992). Therefore, anthropologists generally concentrate on the adaption and
diffusion of new technologies and how they impact the development of societies. For
this reason, anthropologists use more general terms to describe TT, i.e., cross-culture
transfer (from the cultural perspective), group, community, and village programs (from
the institutional perspective) as well as rural, urban, and regional programs (from a geo-
graphical standpoint). Hence, most of the anthropological research on TT has focused
on agricultural, medical, and educational innovations.

Sociologists are concerned with how TT influences social welfare rather than eco-
nomic performance (Chatterjee and Ireyes 1981). They tend to correlate technology
with innovation (Bozeman 2000) since most new ideas in the last decades have been
technological innovations (Rogers 2010). Regarding terminology, most sociologists dis-
cuss technology in terms of diffusion, more specifically, centralised and decentralised
diffusion (Rogers 2010), and the adoption of innovation.

Lastly, Kumar et al. (1996) presented diverse motivations for TT, which can be
divided across six categories: economic; operational; strategic; social; global; and
personal.

A closer look at each discipline’s perspective on TT reveals a key set of shared vari-
ables that should be included in a conceptual model of TT (Fig. 1). First, there is always

[ —————————————— Boundaries / Barriers for TT ety
: : '
_____________ | ———— |
Lo I ! ] Recei | |
| | Sender : Motivation | ccetver : |
Lo | | '
I I I i | I I
| | Technology : Technology transfer ———» Purpose : :
Lo | i Lo
| | | | |
| | | | |
| | | |
I |
| |
|

Fig.1 The conceptual TT model
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a sender/owner and receiver of the technology. Second, motivation needs to exist on
both sides. Third, both sides will undoubtedly encounter certain barriers to TT. Finally,
TT is mediated by several transaction types and mechanisms.

3 Characteristics specific to the construction sector

This section provides an overview of the peculiarities associated with the construction sec-
tor, a topic that has been extensively discussed in the IHB literature.

Construction companies must develop and maintain competence in handling the short-
term variation that occurs in building projects, which are unique in the sense that they
include temporary project organisation at the building site (Koskela 2000). Therefore, con-
struction companies must establish broad resource bases if they are to be able to adapt their
operations to the continuously shifting market situation. In other words, the creation of
operational platforms that are ready to serve the entire market (Lessing and Brege 2015)
will enable construction companies to employ a design and production strategy focused on
flexibility. Hence, traditional construction companies usually make the strategic choice to
prioritise flexibility over productivity as a source of competitive advantage (Winch 1998).

On the other hand, IHB employs a different strategy that has the following character-
istics: prefabricated components are used to produce buildings; production systems are
designed for specific niche markets; and production systems are maintained and updated to
meet customer needs (Lessing et al. 2015). IHB firms generally focus on long-term plan-
ning and employee development to ensure that a steady flow of projects will support the
stable production of prefabricated parts and that innovation will be inherent to each project
(Jansson et al. 2014). Furthermore, the success of these companies depends heavily on the
ability to integrate existing resources to the operational platform. As such, the platform
is the foundation of established standards that ensure efficiency. Lastly, IHB companies
strengthen their market position by investing in product development so that the opera-
tional platform is highly applicable to specific projects.

3.1 Technology and construction

The success of TT depends on whether technology-specific criteria have been fulfilled.
The three main criteria that exist across various fields of science are product, process and
knowledge (e.g., Howells 1996). Anthropologists and sociologists consider people and cul-
ture to be the fourth criteria of technology, as technology is delivered via products, pro-
cesses, and people (e.g., Holstius 1995).

Therefore, the first question researchers should ask when studying TT in a construction
context is “Can these three TT criteria be fulfilled?”. Although construction applies a pro-
ject-oriented approach, most of the processes are transferable from one project to another
(Dubois and Gadde 2002). Moreover, knowledge about how unique projects are managed
and completed is embedded in the processes and people. What is missing is a unique prod-
uct, as pointed out by Gann (1996): “each house is treated as a pilot model for a design
that never had any runs.” Undoubtedly, a unique building or construction can be seen as a
product, but as Gann emphasised, construction is, by nature, more of the creation of a pro-
totype than a product (Gann 1996; Koskela 2003).

On the other hand, the strategy of IHB companies is centred around organising total
deliveries into platforms. As such, the platform approach consists of four building blocks:
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(1) components, process, knowledge and relationship; (2) creating a product consisting of
high degrees of standardisation of materials; (3) predictable supply chains; and (4) offering
houses in selected niche markets (Jansson et al. 2014). Hence, the IHB platform represents
a construction technology that could be transferred.

3.2 Formulating the scope of the literature review

Anthropological and sociological researchers tend to focus on the cultural and sociologi-
cal aspects of TT. As such, they will describe people and the relationships between them,
which means that their definitions of platforms will include processes, products, knowl-
edge, people, and relationships. Researchers representing management and economic disci-
plines disagree with this view, as they argue that the technology to be transferred includes
tangible and intangible assets, which implies that TT does not contain any cultural aspects.
Thus, these researchers will always exclude people from their definition. This study applied
the management perspective for the following reasons. First, it was an appropriate point of
view as the research was based on an empirical study of managerial decisions related to
TT in one IHB company. Moreover, the TT project is still under progress at the case com-
pany. The management perspective was also a relevant scope for the study as the research
investigates how TT can advance the building industry, more specifically, how construction
companies can cope with the increasing demand for sustainable housing.

4 Research methodology

This study—which includes the underlying aim of advancing the building industry—
employed both a qualitative meta-analysis of previously published literature to identify
concepts of interest and a subsequent empirical case study to demonstrate how IHB com-
panies can apply TT.

4.1 Qualitative meta-analysis

Researchers undertake qualitative meta-analyses to develop novel interpretations that may
provide a more in-depth understanding of a topic than what can be surmised by reading the
primary literature (e.g., Ma et al. 2015). The main advantage of this methodology is that
there is no need to analyse the entire body of literature, rather, when selected findings are
contextualised appropriately, this approach can offer new insight into a topic (Schreiber
et al. 1997; Levitt 2018). The coordination of diverse outcomes into a whole is, according
to Finfgeld (2003), more substantive than trying to gain insight from the results of single
studies.

4.2 Selection of studies
Given its broad applicability, Levitt’s (2018) framework of methodological integrity was

applied in the current paper to design the qualitative meta-analysis. According to this
framework, the establishment of integrity includes two components, namely, fidelity to
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the subject matter (ensuring the relevance of identified research) and utility in achieving
research goals (suitability of procedures in addressing research aims).

The meta-analysis was performed using five of the top journals in the field of TT
research (see Cunningham et al. 2017), namely, The Journal of Technology Transfer,
Research Policy, Science and Public Policy, R&D Management, and Technovation.

4.3 Procedure

Articles were selected based on their relevance to the research aim of this paper, which
is most accurately described through the research question “How do house building
companies participate in technology transfer?”. The literature review procedure is illus-
trated in Fig. 2.

After the completion of the analysis, two independent auditors (researchers with
experience in the field of TT) checked the results by comparing the report with the con-
ducted analysis. As in any form of qualitative research, the quality of a meta-analysis
can benefit from credibility checks (Elliott et al. 1999); in this case, two independent
auditors verified that the conducted literature review had a satisfactory level of cred-
ibility (Timulak 2009). The observations of the auditors were incorporated into the final
meta-analysis categories after discussions with the researchers.

Fig.2 The process used to identify relevant literature
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Fig.3 The ten identified meta-
categories of TT

Barriers

Boundary

L Motivation
conditions

Technology Actors

Role of TT

Screening by analyzing the title of the article
Does the article title cover a broad spectrum?
Does the article title imply answering RQ?
Search for keywords

Screening by analyzing the abstract of the article
Does the article abstract cover a broad spectrum?
Does the article abstract imply answering RQ?
Search for keywords

Final screening by analyzing the article for initial relevant
articles not found in the five top journals
Is the article relevant based on the questions above?

Fig.4 Screening process

4.4 Results of the meta-analysis

Meta-
categories

Definitions
Transaction .
Mechanism
types
Views
Screening process Reasons for rejecting an article
No Too narrow scope
Focus on different field
Yes
Too narrow scope
No Focus on differentfield
Not a literature review
Book review
Yes
No Too narrow scope
Focus on different field
Not a literature review
Conference paper
Yes
v
Qualified for
review

A total of ten meta-categories were identified (Fig. 3), which were used to build the

conceptual TT model (Fig. 6).

All literature reviews with a broad scope were included, and consequently, articles

that did not fit the scope were omitted (Fig. 4).
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The search terms “Technology transfer” (applied to all fields) and “literature review”
(applied to only the abstract) yielded 316 articles (Table 1). Only the search term “litera-
ture review” was applied to the Journal of Technology Transfer as the scope of the journal
is TT.

The second stage of screening included an analysis of the titles of identified papers.
After this stage of the screening process, 61 articles were identified as being relevant to the
study.

Papers identified based on the title were then examined using the abstract to deter-
mine if they were relevant to the scope of the present study. In the third stage of screen-
ing, abstracts were searched for keywords such as “industry”, “company”, “construction”,
“manufacturing”, “project”, “longitudinal”, “organisation”, “manage”, “management”,
“strategy”’, “product”, “process”, “productivity”’, “subsidiary”, “competitive advantage”,
“case study” and “platform”. This stage of the screening process identified 13 articles that
qualified for further investigation. A literature review focusing on qualitative methods was
also included to supplement the method applied in the present study.

During the fourth, and final, stage of screening, the researchers examined the chosen
articles to reveal original articles that had not been found from the five screened journals
(for example, Reisman 2005, paper in Omega). This final stage of screening yielded an
additional eight articles, of which seven qualified for further analysis (Table 2). These arti-
cles also followed the detailed screening process (Fig. 4).

4.5 Case study

Since this research focuses on TT within a single company, the case study approach
was used to obtain primary data. This approach can be considered appropriate based on
Siggelkow’s (2007) precepts for convincing case studies and because the case study pro-
vides insight into an unknown area to develop a theory (Bryman 2003). Moreover, the
research design was in line with Kervin’s (1992) guidelines as it applied various data gath-
ering techniques, i.e., interviews as well as document analysis, during the in-depth investi-
gation of one company. The research can be further categorised as descriptive based on the
“finding out who, what, where, when, and how much” definition from Cooper et al. (2006).

While the case study approach can usually not be used to make generalisations, the
method is nevertheless useful for building understanding about organisational activi-
ties, determining patterns and establishing theoretical connections between the fac-
tors being examined. Furthermore, the qualitative data obtained in most case studies
have been shown to be more attractive to managers than the abstract variables and

Table 1 Stages of screening

Journal Stage of the screening
First Second Third

Journal of Technology Transfer 225 40 7
Research Policy 27 6 3
Science and Public Policy 11 6 0
R&D Management 35 3
Technovation 18 0
Total articles 316 61 13
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P. Uusitalo, R. Lavikka

relationships that often characterise quantitative research (Bryman 2003). A further
advantage of the case study method is that it can be used to generate hypotheses that
will be analysed in subsequent studies (Yin 2013).

The case company is family-owned and manufactures industrially-built, multi-story
modular timber buildings in Sweden using a unique ‘volume construction’ technol-
ogy. The core of their current business is the industrial production of multi-dwelling
houses made from wood from northern forests. By leveraging modern technology, the
company is able to build attractive, high-quality housing quickly, safely, and cost-
effectively directly on site, with both private individuals as well as rental and tenant-
owner-owned apartments as customers. The industrial approach includes a high degree
of flexibility so that the company can adapt projects to suit their customers’ wishes.
Hence, the end-products vary significantly in terms of architecture even though the
method for producing house is highly standardised.

The company is considered auspicious because it has existed for over 90 years and
has, in recent decades, transformed into an IHB company. Furthermore, the company
has maintained detailed records throughout the transformation, which made it an
excellent source of data for this type of study. The authors’ good connections with the
company made it possible to conduct in-depth interviews with relevant employees.

The first TT event was between the case company and its wholly-owned subsidiary
(Company A), which produces prefabricated bathroom pods for hotels, nursing homes,
and residential properties. The wholly-owned subsidiary aims to be lean and effective,
yet offer their clients an opportunity to specify pod shape, floor material, ceiling mate-
rial, glazed tiles, and bathroom accessories. The collaboration between these two com-
panies started when the case company realised that their bathroom production could
not fulfil the increasing demand. Instead of investing in production, the management
decided, in 2015, to establish a subsidiary that would develop into a company special-
ised in the production of fully functional bathroom pods. Before the subsidiary was
established, the case company sourced the bathroom floors from a sub-contractor. This
sub-contractor has since been employed at the subsidiary.

The second TT event was between the case company and a newly established Finn-
ish construction firm (company B) with no previous operations. In this sense, the
receiving company does not have the historical burden of an established company (i.e.,
path dependency) and can hence be considered a tabula rasa. This company, estab-
lished in 2017, aims to bring the case company’s building system to the Finnish market
by overseeing similar operations, albeit on a smaller scale. Both companies share the
same values, which was a primary reason for their partnership.

The unit of analysis is the interaction between the case company and the two spe-
cific events (Fig. 5). However, the development of the case company also plays a sig-
nificant role in understanding technology in construction and what has been transferred
during the TT events. Therefore, archival data from the company was used to get a
clear picture of the development process. The development began in 1993, which was
the year in which the company started the industrial production of multi-story timber
buildings from modules (Uusitalo and Lavikka 2020). The availability of relevant data
spanning 20+ years provided an excellent overview of how the company developed
a system for industrialised house building. To compensate for the uncertainty arising
from retrospective data (e.g., recall effect), the interviews and archival data were cross-
checked for consistency.
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Fig.5 Case study design S

Case Company

Unit of
analysis

Unit of
analysis

Technology Technology
transfer company A transfer company B

4.6 Data collection and analysis methods

The primary data collection method was in-depth, semi-structured interviews. A total of
nine informants were interviewed, five of whom had worked at the company for over thirty
years. Moreover, two of the interviewees had collaborated intensively with the case com-
pany over the last twenty years when guiding students in how to write academic articles
and reports on the development of the company. The interviews were conducted between
April 2017 and October 2019 and lasted approximately 1-2 h. Table 3 summarises the
roles of the interviewees and what type of information was sought from each interviewee.
The interview started with openly formulated questions and continued with more detailed
questions about the development of the company to enable the interviewees to present their
narratives. As pointed out by Guest et al. (2006), saturation can be reached after just six
interviews. As with all aspects of qualitative research, the depth of the data is often more
important than the numbers (Burmeister and Aitken 2012).

The chosen interviewees had substantial insight into the company’s development. The
number of interviewees remained low because one of the criteria for participating in the
study was having worked at the company for an extended period of time. Another crite-
rion was having had an active role in the company during its transition to an industrialised
company. These criteria were applied to recruit a group of interviewees who could provide
a broad view of the company’s development during the period covered by the study. This
targeted selection ensured that the interviewees could speak about the development of the
company. As such, the interviewees had witnessed firsthand the changes in the organisation
from a position that allowed them to understand the decisions that contributed to the com-
pany’s evolution. Although the group of interviewees was small, their collective expertise
and extensive involvement in the company meant their responses gave an adequate descrip-
tion of the changes that took place in the organisation. According to Romney et al. (1986),
a small number of participants is justified when the participants possess a high degree of
expertise on the research topic.

Of the 14 interviews, seven were conducted in pairs, with the two researchers selecting
the interview questions through a collaborative process. Lundahl and Skdrvad (2016) have
suggested that the benefit of having two researchers conduct interviews is that while one
researcher is conducting the interview, the other researcher can observe, make notes and
ask follow-up questions. In a bid to minimise research bias, the researcher who had the
least previous personal contact with the company was put in charge of leading the discus-
sion. The interviews were recorded and transcribed, after which they were cross-checked
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Technology transfer in the construction industry

with the interviewees to ensure transparency, quality, and accuracy, as well as increase
reliability and validity. An inductive approach was used when coding the interview mate-
rial. This decision was made to ensure validity and avoid bias during coding, as the data
required in-depth reading and re-reading. The inductive approach facilitated the identifica-
tion of critical themes in the area of interest by reducing the material to a set of categories.

The case company is known for its close collaboration with academia, and several aca-
demic publications chronicle this collaboration. During the second part of the case study,
the researchers analysed secondary data, which consisted of five article-based disserta-
tions (Bergstrom 2004; Bjornfot 2006; Hook 2008; Jansson 2013; Meiling 2010) published
between 2000 and 2013 and a company history report (Westerlund 2009), through meta-
analysis. These documents provided essential insight into the development of the company,
and their inclusion in the research considerably strengthened internal and construct valid-
ity. Furthermore, the information provided in these documents can be assumed to be relia-
ble because the interviewed university professors supervised the dissertations and oversaw
the writing of the research reports. The professors commented on the meta-analysis results
concerning the dissertations to improve the credibility of the analysis.

5 Findings

This section presents the findings of this study. First, the theoretical TT model is fur-
ther developed based on empirical findings. Then, the two technology transfer events are
discussed.

5.1 Further development of the TT model

The findings from the empirical case study were analysed according to the concepts pre-
sented in Fig. 1, the conceptual TT model, which had been developed based on the lit-
erature review. The empirical research identified how the case company developed a
structured way of working that includes a product platform and standardisation. The main
findings are compiled in Fig. 6, which illustrates how the case company participates in TT.

Relationship and two-
way communication

fm———————————— < ——— Boundaties / Bartiers for TT -——g——————————————
i
[———————p————— Motivation for TT is benchmarking — — —

of own organization, social value

| |
| |
| i
|
I S _

ender Receiver I
: : and new business model | |
| | Transferred i | |
| | technology | ———— Technology transfer through ——— | Purpose : :
: : IHB platform co-development, collaboration, | |
cople and strategic partnering | |
| | peop! gIc P g | |
(. ! [

| - , feg ———— - L e r i —
| L Company boundaries Minimizing of company Company boundaries - |
| boundaries and barriers :
ey through ownership ~~ - —————-—————-——————— -

Fig. 6 Insight from the conducted empirical case study, presented using the previous model of TT concepts
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As illustrated in Fig. 6, the empirical research clarified: (1) what technology has been
transferred; (2) motivations for TT; (3) what transfer processes are used and (4) how barri-
ers to TT can be eased.

Based on the case study findings, the platform (bathroom pod and IHB) was the technol-
ogy that was being transferred from one company to another. This result confirms previ-
ous reports that the TT process involves a complicated relationship between the partners
(Wahab et al. 2011). The results also demonstrated that TT requires close communication
between the sender and the receiver. However, contrary to Wahab et al. (2011), the findings
imply that intra-firm TT demands higher levels of communication and involvement than
inter-firm TT. A possible explanation for this finding could be that the actors involved in
intra-firm TT have a better understanding of the technology, and therefore, could demand
more information flow through communication. Furthermore, Malik (2002) proposed
that actors involved in TT accumulate various competencies over time; hence, the process
should be more significant for the company than the technology receiver, which entails
extensive intra-firm communication.

The empirical case study findings also revealed that successful TT requires long-term
commitment and the building of a healthy relationship between parties, which agrees with
previous research (e.g., Malik 2002; Wahab et al. 2011). In addition, the chosen technol-
ogy, along with its implementation, should be thoroughly developed and tested to reach
a certain maturity level and maybe even achieve acceptance on the market. Technology
transfer processes that do not meet these requirements may not be successful. Furthermore,
as demonstrated in Fig. 6, the relationship (i.e., shared values) between the sender and
receiver is pivotal to motivating the decision to participate in TT. In our case study, the
CEOs of the case company, the subsidiary, and the receiving company all talked about the
social aspect, which revealed that they shared common core value. For example, the CEO
of the case company explained that the company must not forget to think about the people
who will live in the houses, and the main part of their work is lowering the costs associated
with owning a quality apartment. Another stressed that “you have to contribute to society,
you have to understand the demands that society places on the property owner” [CEO
Group subsidiary].

Regarding the Finnish construction context, both the government and society have
pushed construction companies to transition to using more sustainable building materials
(Bosman and Rotmans 2016). If the sociological aspects of construction are not accounted
for, then there are no institutions to where technology can be transferred. This is an excit-
ing finding when considering that TT in any industry is a managerial, strategic deci-
sion intended to improve competitive advantage and, subsequently, profits (Baughn and
Osborne 1989; Porter 1980).

5.2 Comparison of the two technology transfer events

The bathroom pod TT event closely resembles how Stock and Tatikonda (2000) describe
co-development. In their view, the relationship between the sender and receiver during co-
development is characterised by a high degree of communication, co-operation, and coordi-
nation. The bathroom pod project was a joint R&D investment in which one of the owners
of the subsidiary company assembled a group of experts from the case company to develop
the product. The owner and product manager of the subsidiary company describe: “Then
I brought in the competence that I considered we need. Then we ask the group if we need
further competencies to get started. Finally, we had a group. We had all the competencies
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we needed in this group to be able to implement the process at the case company in a good
way and develop a good product.”

The decision to incorporate the supplier of bathroom pods into company operations
indicates that the management at the case company appreciates deep supplier involvement
in product or process development, which reflects the high level of organisational interac-
tion found in a co-development transfer (Stock and Tatikonda 2000). The organisational
boundaries between the sender and receiver were blurred, or possibly even eliminated,
due to the case company’s ownership of the subsidiary company. Hence, the sender and
receiver work together, mainly as one integrated, albeit often ad-hoc organisation, to trans-
fer and successfully implement the technology in the receiving organisation. The owner
and production manager at the subsidiary company describes the transfer as: “That trip
would never have happened if [the company] had not been there to support us with com-
petencies in different areas. Good economic people have helped us. After all, they have
supported us with advice, they [two owners] sit in the steering committee, so it has been a
sounding board for us. They come up with good advice, also financially”.

Stock and Tatikonda (2000) also mention that co-development may entail lengthy physi-
cal co-location of personnel from the sending and receiving organisations. However, in the
case studied in this research, the new production facility of the subsidiary company was
located close to the case company. Hence, it was not an immense problem for some of the
personnel to visit both offices over the transition period, as joint resources between the
case company and subsidiary were necessary to operations. A key player in this event was
the production manager, as he was the one who moved from the case company to the sub-
sidiary and brought IHB knowledge to the company. He elaborates: “After all, it was me
who raised the issue that we cannot cope with the increased demand by using the “busi-
ness-as-usual” approach. I was then commissioned to look at various alternatives. I saw
the problem, was commissioned to solve the problem, found a solution, a product, and—at
the end—it was me who asked the management if it is possible for me to enter as a partner
in this” [Owner & production manager of the subsidiary].

The other TT event—between the case company and company B—resembles a more
collaborative hand-off approach to TT than co-development. This TT event was motivated
by the case company becoming very successful and having ambitions to expand. What dif-
ferentiates this TT event from the one described above (co-development) is the IHB plat-
form development. In the second TT event, the case company actively transferred a product
to a new company. As such, this example of TT can be considered more of a business
transaction than developing a new business model.

Regarding the co-location of personnel, the collaborative approach also includes exten-
sive and lengthy co-location of employees from both companies, even though they are in
different countries. However, as the CEO of the receiving company explained: “We will
have a personnel exchange program, where our employees will work at the case company
for a while, so they learn how things work.” This quotation demonstrates how the organi-
sational boundaries of both companies were also blurred based on how the collaborative
approach was managed. More specifically, the sending and receiving companies work
together, including the temporary transfer of personnel, to successfully implement the tech-
nology in the receiving organisation.

In both TT events, the same product (IHB platform, including supporting elements)
was transferred although one event represents internal TT while the other event represents
external, international TT (Table 4). This demonstrates that the case company has devel-
oped one strong core competence as a competitive advantage—experience in industrialised
building, organised into a product platform. Both cases of TT included the development
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of strong relationships between the sending and receiving parties. It seems that trust aids
the TT, as this characteristic increases the sending organisation’s willingness to help the
receiving organisation understand the newly gained knowledge. In other words, trust
“‘reflects the belief that the word or promise of a partner is reliable and that the part-
ner fulfills the obligations in the relationship’’ (Inkpen 2000:1027). A relationship of trust
readily forms when the partnership mutually benefits both parties. The sender is committed
to the relationship with time, resources, and capital. However, TT can only succeed if the
receiver is motivated and capable. In TT, receiving organisations gain confidence, when
they feel that the sending organisation is willing and open to sharing insight, which is piv-
otal to building trust. The empirical case study covered in this research revealed another
aspect that can secure trust between parties, namely, partnering based on ownership of the
receiving company. This type of dynamic sends a strong message that the sending organi-
sation is committed to the partnership as the success of TT will directly affect the interests
and performance of both companies.

6 Discussion

The next section will further present and discuss the empirical findings in terms of the con-
ceptual TT model (Fig. 6) and its different constructs. The findings are presented from the
sender’s perspective and focus on how IHB as a technology can be transferred. The find-
ings thereby provide insight into how the adoption of IHB in the construction sector can be
promoted.

6.1 Construction companies participate in technology transfer to benchmark their
performance, provide social value, and create new business models

“This is about wanting to change the construction industry” was the response of the sub-
sidiary’s CEO when asked about the reasons for starting TT collaboration with a company
in another country.

Many drivers can motivate TT, and accordingly, motivation also depends on the desired
outcome. The case company has always strived to change the construction industry. When
the building codes changed at the beginning of 1994, the company decided to try and pro-
duce houses in a factory. As a result, they moved their building sites into a factory environ-
ment and tried to do as much of the building as possible in the factory.

The CEO of the subsidiary company explained the company ambitions in the follow-
ing way: “This is where we believe there is great potential when it comes to building in a
smarter way than what is traditionally done. We have been working on that since the mid-
90s, with an attitude of trying to change the construction industry, and I would like to say
that we have already done a certain part. At the same time, we feel that there is a lot left to
do”.

The company has previously stated that social responsibility is a key motivator in striv-
ing to develop the company and the industry. For example, the CEO stated that the com-
pany could achieve better margins if it had the sole purpose of being profitable. However,
this is not the case, with the CEO explaining “If we can lower prices and produce housing
at a low cost, we will make a difference for many people, and that is one thing that is very,
very important.
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This responsible attitude is visible throughout the organisation, with some of the sen-
ior managers providing anecdotes of how the business is not only about making a profit:
(1) “Because today you are not just building housing, today you have to be a community
builder. So you have to contribute to society” [Executive Vice President of the subsidi-
ary] and (2) “What we are visionary about is that we can help it be built for more people”
[Lean manager].

What the company has developed throughout the years is the IHB platform. Over time,
members of the company began to understand that they could use their knowledge of THB
to their advantage, as the CEO of the subsidiary company pointed out: (1) “But what has
come to light is that our main business idea is to sell houses. However, since there has been
so much interest in the company, we developed a method first to develop projects and later
build them, which provides value.”; and (2) “The basic idea is that we think we can sell the
knowledge we have; we sell houses, but we can also sell the knowledge we have, which is
the basic idea in this.”

In addition to the motivations that are linked to core company values, the company also
participated in TT due to more practical reasons. For example, the CEO explained the deci-
sion to co-operate with a Finnish company as follows: “The reason is that we need this
Finnish project to benchmark ourselves in how to sell our technology.” As the company
will partially shift its focus to how the IHB platform can be sold and transferred, the lean
manager said: “We are in the process of aligning our organisation just for this technical
transfer”. Furthermore, the lean manager then switched to discussing how the company
wants to advance the construction sector of other countries, stating “what we offer is pro-
gress in a short period of time. If it has taken us 25 years to get where we are today, we
might be able to make the same trip with a customer in 3-5 years.”

6.2 IHB platform as a technology
6.2.1 Standardisation of components and materials

In the early 1990s, the house building market experienced a crisis, and many companies
went bankrupt. At this point in time, the case company was operating in the same way as
other traditional construction companies, i.e. they “built everything.” To be competitive in
the new market situation, in the mid-1990s, the case company decided to change how they
build houses radically. As a result, a large part of the on-site production was moved into
a factory environment. “We understood that the market would recover in the metropoli-
tan areas with the university cities, and if we wanted to compete in those markets, we had
to be more industrial,” describes the CEO of the subsidiary company. The decision was
also guided by regulatory changes in Sweden in 1994, which, among other things, allowed
the building of multi-story wooden houses. The shift towards industrialised construction
started with the development of the product platform that the company still applies today.
The CEO describes this transition in the following quotation: “In 1992, we decided to move
most of the on-site work inside a factory and started to develop our platform. From 1994
until today, there have not been so many dramatic changes” .

The company started to standardise components into a predefined platform, simultane-
ously shifting from on-site construction to offsite manufacturing. This meant that the com-
pany had to cope with both horizontal (between different actors in the building process)
and vertical discontinuities (managing sub-contractors and suppliers in the respective value
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chains). All of the managerial activities had to consider these two discontinuities since the
case company started to combine on-site construction and offsite manufacturing.

The standardisation of components progressed in small steps through successive pro-
jects, as the company gradually refined the platform. This platform development process,
i.e., building a platform while seeking opportunities for further development, helped the
company focus on standardisation in the late 1990s when the company shifted towards the
open building market. The CEO of the subsidiary company describes this point in time
through the following quotation: “The more standardised we become in our technical solu-
tions, the more flexible products we could deliver”. Hence, the company further developed
its existing resources and continuously developed the platform for new building projects,
i.e., “The next time we competed to engage our platform, we made it a bit harder to our-
selves than what we did in our previous project” [CEO of the subsidiary company]. The
company strategy transitioned from the standardisation of components to the standardisa-
tion of work and processes with an overarching goal of minimising variation in produc-
tion. This transition also marked the start of the company’s co-operation with academia,
culminating in a PhD project on how problem-solving in construction can reduce defects,
enhance learning, and improve accuracy in module prefabrication (Meiling 2010). By
implementing this new knowledge of process control in the standardised manufacturing
and design processes, the company became more resistant to internal and external varia-
tions. The links with academia resulted in Jansson (2013) studying standardisation work in
the company. He would later demonstrate that standardised engineering design work con-
sisting of both standardised components and standardised processes can be implemented
into a platform. Some years later, Lorenz et al. (2017) found that standardisation increases
the success of TT.

6.2.2 Standardisation of processes through lean practices

Lean production practices have also largely impacted the development of the platform, and
lean thinking has been a central element in the evolution of the company since 2002. Hook
(2008) provided insight on how the company was able to stabilise variation in production
and increase factory output by applying lean practices. A lack of standardisation, company
strategies coming directly from upper management, and employee loyalty were the main
problems that initially motivated the company to apply lean thinking. In 2009, the com-
pany hired a lean consultant and embarked on a four-year lean implementation program to
improve production processes with the goal of increasing production capacity by 30%. The
program improved the stability of the process, quality of internal work and proportion of
on-time deliveries. The CEO of the subsidiary company discussed the role of lean think-
ing at the company as follows: “We wouldn’t be able to do this at all if we weren’t a lean
organisation”.

Furthermore, the collaboration with a lean consultant was pivotal to the company devel-
oping a capability to systematically handle daily processes across every part of the organi-
sation. The lean culture also allows the sales department to focus on their role, which is
making customers feel that they are getting a unique, high-quality home: “In actual sales
work, you cannot set up a LEAN plan and say that now we treat the customer in only one
way. Instead, every customer and each project is unique. You do not do business with com-
panies. You do business with people. But, on the other hand, we feel confident anyway
because we have already decided on a standardised process before signing the contract”
[CEO of the subsidiary company].
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6.2.3 Supporting the development of the product platform

The case company made many significant investments in the product platform during its
development. This strategy can be considered quite risky since the business of building
houses based on an engineering platform is only competitive in specific niche market seg-
ments. As such, the case company has always needed a clear perception of the customer
needs. Furthermore, the company has extensively supported clients and developers in pro-
ducing unique buildings, which has helped both develop relationships and the product plat-
form. The CEO of the subsidiary company described this task as: “We needed to seek cli-
ents and housing developers before they contact the consultants to tell them about our way
of working and the restrictions and benefits of our platform” [CEO Group subsidiary]. In
other words, the management understood that it was important to foster relationships with
potential developers, clients, and, above all, architects, as they are the gatekeepers in the
process of developing building projects.

6.2.4 Technology transfer through co-development, collaboration, and strategic
partnering

The case company has been working closely with a local university for over 25 years (since
1993), “Co-operation with the university was part of a long-term plan. However, much
of the co-operation has come as a market requirement for our development” [CEQO]. The
company mainly entered into a collaboration to convince the building market of their prod-
uct. The university became a “brother-in-arms”, and—over the years—various academic
studies have been undertaken to introduce new technologies, verify the performance of the
building solutions, and validate the product as viable and safe. The primary long-term ben-
efit of this strong relationship has been gaining a scientific perspective on the process and
product development.

Respected and influential architect companies have also been crucial strategic partners
for the case company. In the 1990s, the case company experienced problems in winning
orders as the Swedish building specifications and published tenders did not match the com-
pany what the company was producing. The CEO explains the situation as follows: “For
the whole 90s and early 2000s, it was about showing that this is a better way of building”.
However, a decision to incorporate talented architects in the early design phase enabled the
company to adapt their parameters to market demands. Hence, the company secured access
to critical resources by investing in the development of strategic relationships.

Attracting highly skilled members of the local workforce is another of the company’s
core values: “One of the strategic goals is to be the top employer brand in the business”
[CEO]. The company has an outspoken human resource strategy to be a successful com-
pany in both the short- and long-term. For example, the company has stated that it needs
to build an attractive work environment to secure the flow of employees and, at the same
time, support the local community, with the CEO emphasising that “it is important to treat
the customer and contractors the same way as if they were employees. Even if a customer
misbehaves, it’s important not to burn bridges because they may someday turn out to be an
important customer”. This proves that being proactive is critical in the construction sector,
as well as most other industries. The case company has achieved considerable success by
listening to customers, developing and managing diverse professional relationships, follow-
ing changes in the business environment, and securing access to key resources (both capital
and human). These factors have also significantly contributed to platform development.
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6.2.5 Internal technology transfer

Industrialised construction is currently well known and widely accepted in Sweden. Multi-
ple years of increased demand for the company’s products resulted in several decisions to
speed up production pace and reduce production bottlenecks. One of these was the decision
to create a wholly-owned subsidiary that builds and installs complete bathroom pods that
are compatible with the existing volumetric elements. The establishment of the subsidiary
in 2015, along with the subsequent strategic partnership between the two companies, was
the first significant TT event in the company’s history. At the centre of this TT, the event
was one of the case company managers (later to be one of the owners of the subsidiary),
who initiated the bathroom pod project to cope with increasing demand. The manager used
a panel of experts to identify and manage issues concerning the new product. In this way,
knowledge and expertise from different departments were gathered and compiled to create
a business model and associated processes for the development of a prefabricated bathroom
pod. When the opportunity arose, the manager who had first started the bathroom pod con-
struction project became one of the owners of the subsidiary. The manager was able to con-
vince some of the production personnel at the case company to move to the subsidiary and
continue working in bathroom production. It is important to note that the subsidiary had
access to the case company’s support functions (e.g., finance, logistics, planning).

This example of TT benefited the case company as substantial investments, which would
have been used to overhaul the bathroom production at the case company, were avoided,
and the subsidiary was able to immediately begin the efficient production of prefabricated
bathroom pods to meet contracted orders. The fact that the subsidiary had access to case
company resources helped with the streamlining of processes and ensured continuity for
both companies, as the case company was now dependent on the pods produced by the
subsidiary. The owner and production manager of the subsidiary described the TT event
as: “This was to ensure that the focus would be on bathroom pods and to ensure that they
would get bathroom pods” .

6.2.6 External technology transfer

Since the start of co-operation, the case company and company B have enjoyed a tight rela-
tionship built on trust. From the first contact in 2017 to the first project delivery in autumn
2019, the case company has considered collaboration and long-term thinking as the critical
ingredients to success. “I think you have to be long-term in this. I think there is a risk that
you underestimate the work and effort required to get started on the type of business we
have. Therefore, you have to endure and understand that it will take some time, but still do
it as quickly as you can. But I think the main challenge is being persistent” [CEO of the
subsidiary company].

The goal of the studied external TT was sending another company the know-how and
means to run a company similarly as the case company, just on a smaller scale. More spe-
cifically, the Finnish company received the production system, including everything neces-
sary to run projects (e.g., project coordination, planning, and supply chain management),
the enterprise resource planning (ERP) system, and leadership. This was critical to estab-
lishing a steady flow in the factory, with the CEO of the subsidiary stating: “When we
get a flow to work, then the whole system will work”. The case company also supported
the receiving company in procuring the right type of equipment and machinery for the
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production facility. Furthermore, the receiving company needs to clearly understand how
the work is performed at the construction site (e.g., assembly of volumetric elements, con-
struction site management). Hence, the case company was responsible for ensuring that
the receiving company had all of the components, as well as the competence to “fit” them
together. Based on this description, it could be assumed that the entire company culture is
being transferred, but the CEO of the subsidiary company argues otherwise: “I would not
say that the culture that we are going to transfer, instead is more of our way of working,
our methods and processes that are transferred.” He concludes “in this context; when we
talk about TT and what it is, you have to go back and think that it is long-term, and it is the
whole thing that is the key to success. I want to point out again that no individual part is
the key to success, but success is based on making the whole thing work together” .

7 Conclusion

This is among the first times that TT is discussed in the context of construction. This study
identified a tangible construction-specific product, IHB, to allow research into how tech-
nology is transferred in the construction sector. Although Waroonkun and Stewart (2008)
discussed TT in construction projects, their study concentrated on how a project can be
transferred.

In contrast, the present study regards a project more as a prototype than a product (Gann
1996; Koskela 2003), and adopts the view that each project creates a unique building.
Furthermore, Kirchberger and Pohl (2016) argued that technologies need to be integrated
into products that are sold if they are to generate value for society and profit for the com-
pany. Therefore, from our perspective, the research of Waroonkun and Steward (2008:668)
focused more on knowledge sharing than TT. As they describe, “TT has been defined as
when all types of knowledge relating to the construction field (e.g. design, construction
process, material use, equipment utilisation, etc.) are transferred from a foreign party to a
host party”.

TT in construction has also been discussed in the context of developing countries (e.g.
Bakuli 1994; Ofori 1994; Devapriya and Ganesan 2002; Ganesan and Kelsey 2006). The
previous research has added insights into how collaboration with foreign construction
companies has generated significant benefits to less developed countries. The developing
countries have benefited in training, project formulation, design and implementation, and
moved towards more sustainable construction.

However, the research conducted in the context of developing countries (Bakuli 1994,
Ofori 1994; Devapriya and Ganesan 2002; Ganesan and Kelsey 2006; Waroonkun and
Stewart 2008)) focus on transferring knowledge and skills, construction techniques, organi-
sational know-how and management systems on a country-level, whereas this research
focuses on transferring a tangible product between companies.

This study aimed to identify how TT occurs in the construction context. The study
approached this managerial issue through a qualitative meta-analysis of TT literature and
a case study of an IHB company. The qualitative meta-analysis revealed that a universally
accepted definition of technology comprises three constructs: product; process; and knowl-
edge. Interestingly, these are the same constructs that comprise an IHB platform. There-
fore, an IHB platform should be considered a technology that can be transferred between
either two construction companies or a construction company and a company from another
industry. This can be taken to mean that TT will be an essential part of future business
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models, as well as a way to gain competitive advantage through market disruption. There-
fore, TT literature should have a sharper focus on how product platforms can be applied in
construction. Also, TT can be an effective way for construction companies to move away
from the current economic model towards a more resource-efficient one, and “bringing
buildings into the circular economy”, as desired by the European Commission (2020).

The evidence from this study highlights that investments into product platforms can
benefit TT in construction. Furthermore, the empirical case study revealed that success-
ful TT in the construction context requires a strong relationship between the participating
companies. An explicit limitation of this study is that it is based on a single case (with two
TT events), which is considered from the managerial perspective. The single case approach
was chosen due to a need for in-depth information on specific company decisions, which
is pivotal for drawing conclusions about company strategies. However, as the present study
covered a single case, future research should investigate other types of construction compa-
nies—both Nordic and international—to verify the findings of our study. Apart from mana-
gerial decision-making, cultural and social aspects also affect the transferability of the IHB
platform, which means that TT researchers could also adopt a socio-technical view in light
of the increased demand for sustainable housing. To provide further insight into TT within
the construction sector, we intend to study TT from the receiving company perspective.

Based on our findings, construction companies interested in implementing the THB plat-
form strategy through TT should consider the following guidelines:

—_

Both companies are motivated to participate in TT.

2. The receiving company should build a strong relationship based on trust with the tech-

nology sender.

Every TT project includes a long-term commitment.

4. The involved parties should work to minimise organisational boundaries, which entails
being prepared to sell a portion of the company to the sender to build a partnership.

5. Technology is a collection of interconnected constructs that must be handled as a whole.

»

Innovative technologies are always disruptive, which means that an increase in TT
within the construction sector could redefine the market through internationalisation and
the entrance of companies previously not associated with construction, both of which will
make the competition even more fierce.

7.1 Company-level implications

The decision to expand an existing business is often financially driven. However, this
research showed that the CEOs of a case company, its wholly-owned subsidiary, and a for-
eign company seem to have an additional reason for participating in TT. For these man-
agers, the driving factor for transferring technology was not only better profits but also
improvements to employees and the community. Even though competition in the con-
struction sector is mainly based on price, it is surprising that social aspects have such a
strong influence on how this specific company operates. The societal structure of Nordic
countries, i.e., all of these countries are considered welfare states, may likely explain this
finding. People see affordable, high-quality living as a fundamental right, and this pecu-
liarity may have caused the studied managers to focus heavily on corporate responsibil-
ity. In addition, the case company had made bold decisions to reach its formidable market
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position, and the managers probably looked for partners with similar values when consid-
ering expansion.

The topic covered in this research is elaborated upon by Uusitalo and Lavikka (2020),
who also chronicle how the case company has evolved during the years. Similar to the
present research, their findings stress that all of the parties involved in TT should share the
same vision and goals. We feel that the findings demonstrate that there is no optimal way
to conduct TT, as this process is highly context-specific and depends on the maturity of the
technology being transferred. Therefore, companies (both the sender and receiver) must
thoroughly understand what is being transferred, with a predefined product easier to trans-
fer than a vague concept. This characteristic makes TT particularly challenging in the con-
struction field, as businesses in this sector rarely provide a defined product. This is because
construction businesses have a scarce customer base, are heavily influenced by local regu-
lations, and are increasingly expected to provide unique solutions.

For this reason, construction companies are not used to conducting TT in both direc-
tions. Hence, construction companies must build new capabilities if they are to handle TT
successfully. This may explain the low degree of digitalisation (e.g., use of Building Infor-
mation Modeling or robot-facilitated building) in the construction sector. As was shown in
the empirical case study, TT binds resources which construction companies may need to
exercise flexibility for competitive advantage. As such, long-term commitments between
companies are rare, and will severely hinder TT in the sector.

7.2 Industry-level implications

When we consider the findings on the industry level rather than on the company level, it
seems that TT may significantly impact the construction market. For instance, companies
in foreign markets now have the opportunity to take a large technological leap by investing
in the IHB platform. This, of course, requires that these companies can successfully imple-
ment this technology. As mentioned by one of the interviewed CEOS, what it took the case
company two decades to build may now be possible for other construction companies to
implement in a much shorter period, e.g. 3-5 years. This will also enable companies that
effectively leverage the IHB platform to gain access to new markets and disrupt local con-
struction markets to gain market share. In addition, the maturity of the IHB platform means
that companies from other industries (electronics, retail, etc.) may be able to access the
construction market. These companies have superior capabilities in other areas of business,
but not in building houses.

One example could be Amazon, an American multinational technology company. It is
considered as one of the Big Four technology companies, along with Google, Apple, and
Microsoft. Amazon has recently invested in a home-building start-up Plant PreFab. This
decision to move into prefab construction could be seen as a stepping stone for the com-
pany to later invest in an IHB platform. Due to extensive expertise in technological innova-
tion and mass scale, Amazon—equipped with an IHB platform—may threaten the existing
construction companies as Amazon could compete on various levels (i.e., price, quality,
and reliability). This type of competition could be positive for customers, as the potential
increase in competition would drive prices down.
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